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INTRODUCTION
In  1866 B aeyer fo rm u la ted  p ro d u c ts  o f the  d e g ra d a tio n
of in d ig o  as  hydroxy d e r iv a t iv e s  o f  a p a re n t compound w hich
2
he named In d o le  ( I I )  and Which he p rep ared  l a t e r  in  th e  same 
y e a r  by d i s t i l l i n g  o x indo le  ( I )  from  s in e  d u s t .





( I ) INDOLE (2 ,3 -b en ao p y rro l® ) ( I I )
(Numbering i s  a s  shown; 2 ,3 —d ih y d ro in d o le  is  term ed in d o l in e ;  
compounds in  which th e  double bond is  in  the  1 ,2  p o s i t io n  a re  
term ed pseudo In d o le s , in d o le n ln e s , o r  p r e f e r a b ly ,  3J t - ln d o le s . )
S inee t h i s  d isc o v e ry  th e  in d o le  n u c leu s  has been found 
in  a wide v a r ie ty  o f n a t u r a l l y  o c c u rr in g  compounds o f chem ical 
and b io ch em ica l i n t e r e s t .  In d o le  and Indo le  d e r iv a t iv e s  have 
been found to  be p re s e n t in  c o a l - t a r ,  p ro d u c ts  o f  p u t r e f a c t io n ,  
p erfum es, Jasm ine—flo w e rs , b u t t e r ,  d y e - s tu f f s  and in  many 
b a o t e r i a l  p ro c e s s e s . In  th e  1930*3 i t  was dem onstra ted  th a t  
a la r g e  number o f a lk a lo id s  c o n ta in  th e  in d o le  n u c le u s .^  The
re c o g n i t io n  of th e  im portance o f try p to p h a n  in  an im al and
h 5
human n u t r i t i o n 1" and th e  d is o  o v a r ie s  o f  th e  p la n t  hormones ,
such a s  in d o le -3- a c e t i c  a d d ,  c o n tr ib u te d  to  th e  in te n s iv e
s tu d y  w hich  In d o le  ch e m is try  has re c e iv e d  over th e  p a s t
- 1-
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2c e n tu ry .
Of th e  v a r io u s  s y n th e t ic  p ro ced u res  f o r  th e  praptara­
t i o n  o f in d o le  d e r iv a t iv e s ,  th e  m ost w id e ly  a p p l ic a b le  one i s
6th e  r e a c t io n  d e s c r ib e d  i n i t i a l l y  by F is c h e r .  T his s y n th e s is
in v o lv e s  th e  r e a c t io n  o f an a ry lh y d raz o n e  ( I I I )  w ith  an  a c id ic
7
re a g e n t to  form  th e  in d o le  d e r iv a t iv e  and ammonia and I s
i l l u s t r a t e d  in  F ig u re  I .  The r e a c t io n  i s  a g e n e ra l  p ro c e s s
and i s  th e  method w hich was used th ro u g h o u t t h i s  in v e s t ig a t io n
f o r  th e  p r e p a ra t io n  o f th e  s t a r t i n g  indol© d e r iv a t iv e s .
There have been many mechanisms proposed  to  e x p la in
th e  r e a c t io n .  The one g e n e ra l ly  acoopted  today  was fo rm u-
la  tod by Robinson and Robinson and In v o lv es  an  o r th o —b en z l—
din® rea rran g em en t o f th e  en o l o f  th e  hydrazon® fo llo w ed  by 
8-10c y c l i z a t i o n .  T his mechanism f o r  th e  F is c h e r  Indol®
S y n th e s is  i s  i l l u s t r a t e d  in  F ig u re  I I .  S ince th e  r e a c t io n  
was ex tre m e ly  im p o rtan t in  th e  p r e s e n t  work f o r  th e  p re p a ra ­
t io n  o f  th e  s t a r t i n g  in d o le  d e r iv a t iv e s ,  and s in c e  some s te p s  
o f th e  mechanism a re  ana logous t o  th o se  proposed  f o r  th e  
in te rc o n v e r s io n  o f t r i —s u b s t i tu te d  32” in d o le s  (v id e  i n f r a ) . 
some p o in ts  co n cern in g  th e  mechanism must be c o n s id e re d . As 
shown in  F ig u re  I I ,  th e  mechanism can  bo d iv id e d  in to  a s e r i e s  
o f s ix  s t e p s .  Each s te p  in  th e  mechanism has been  th o ro u g h ly  
examined and shown to  be v a l i d .
S tep  one o o n s is ts  in  th e  p ro to n a t io n  o f  th e  h y d razo n e . 
T h is seems m ost re a so n a b le  in  view  o f  th e  a o ld lo  c o n d i t io n s  
re q u ire d  f o r  th e  p ro o e ss .
The second s te p  i s  fo rm a lly  a k e to -e n o l tau to m erlsm .
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5Compounds t h a t  e n o l iz e  r e a d i ly ,  a s  would bo ex p eo ted , form  
ph en y lh y d razo n es whloh a re  e a s i l y  co n v e rted  to  In d o le  d eriv e* ’
d o le  fo rm a tio n  when warmed g e n t ly  w ith  aqueous h y d ro c h lo r ic  
a c id .
The s im ila r ity  between step  three and the C la isen
rea rran g em en t can be se en . In  th e  C la is e n  rea rran g em en t,
both ortho* and para—r®arrangement products are i s o la t e d |
how ever, in  th e  F is c h e r  r e a c t io n ,  no p ro d u c t o f a par&~re *
arrangem en t h as  been i s o l a t e d .  C a r l in  and F is c h e r  in v e s t ig a te d
th e  rea rran g em en t w ith  2 ,6 * d ich lo ro p h en y lh y d rezo n ® s (IV) and
found t h a t  on h e a tin g  w ith  z in c  c h lo r id e ,  th e y  gave 5 *7* d ic h lo *
13=15
ro in d o le a  (V ), m ig ra tio n  o f c h lo r in e  o c c u r r in g . Cycli®
s a t io n  o f  2 , 6* d ic h lo ro p h e n y lh y d razo n e s  by s ta n n o u s  c h lo r id e
16 17caused  on® c h lo r in e  ion  to  be re p la c e d  by hydrogen * to  
g iv e  7—c h lo ro in d o le s  (VI).
Thus cyclohexanone phenylhydrazone undergoes in *t i v e s .
The C la ise n  R earrangem ent










The r e a c t io n  o f 2 ,6-d ibrom ophonylhydrason© s (V II)
led  to  a m ix tu re  of p ro d u c ts  (V I I I ,  DC and X ), in d ic a t in g
an exchange o f  h a logen  betw een th e  in o rg a n ic  s a l t  and th e
18
phenylhydra z one . i c e t ophenon© 2 ,6 —d im sthylphenylhydra—
2one (XI) r e a c t s  to  form  a m ix tu re  o f  p ro d u c ts  in c lu d in g  2— 
phenyl-1].,7—dim othylindol®  (X II) and th e  main p ro d u c t, 3 -
phsny l—3a , 5-*d im e th y l-3a , 1}., 7 , 7a—te tra h y d ro ~  [ lH  7  —p se u d o in d o -
19 ”lone«4|. ( X I I I ) .  T h is co n v e rs io n  was r a t io n a l i z e d  by means
o f a mechanism , th e  p r in c ip a l  f e a tu r e  o f w hich i s  th e  non--
a ro m a tic  in te rm e d ia te ,  XIV. Thus i f  th e  2 and 6 p o s i t io n s  a re
b locked  in  th e  pheny lhyd razone, th e  r e a c t io n  ta k e s  some o th e r
co u rse  th a n  a rea rran g em en t com parable t o  th e  p a ra  C la is e n
re a rra n g e m e n t.
Q x> \  Br Cl
»  *  *  " •  »  ■ £ .  *  
C«Ba
V II V III  IX X
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7ZnCls in  












Diamino compounds s im i la r  to  th o se  r e s u l t i n g  from  
s to p s  f o u r  and fiv©  ha v© b©©n i s o la te d  w hich p ro v id e  ev idence  
f o r  th e s e  s te p s .  On© such compound, c>C “’im in o -* ^  — £ 0-amino=®
ph en y l] X  “’b u ty ro la c to n e -h y d ro c h lo rid ©  (XVI), was o b ta in ed
20 . by P l l e n i g e r ,  from  th e  pheny lhydra zone o f  c*. —k e to —b u ty ro *
la c to n e  (XV). C in n o lin e s  y ie ld  in d o le s  on tr e a tm e n t w ith




of a d iam ino in te rm e d ia te .  1 The fo rm a tio n  o f In d o le s as
been observed  from  th e  r e d u c t io n  o f 0 y £ —d I n i  t r o  s ty re n e  a, 
In d o le s  have a l s o  been i s o l a te d  from  th e  c o rre sp o n d in g  diam ino 
compounds w hich ten d  to  su p p o rt th e  v a l i d i t y  o f th e  f i f t h  s te p  
in  th e  Robinson m echanism .^ " 2 6
XV
CHa -  CH*
| \  
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8In  f u r t h e r  su p p o rt of th e  e x is te n c e  o f th e  in te rm e d i­
a t e ,  XVII, R appoport showed th a t  r in g  fo rm a tio n  in v o lv in g  th e  
R group  can ta k e  p la c e  to  form  th e  six-m em ber r in g  i f  f iv e —
membered r in g  fo rm a tio n  would be d i f f i c u l t  and i f  R i s  s u f f i x
27c i e n t l y  a c t i v e .
XVII
The s i x t h  s te p  i s  th e  e l im in a t io n  o f ammonia. The
n i t r o g e n  atom a t ta c h e d  to  th e  a ro m atic  r in g  rem ains in  th e
in d o le ,  th e  o th e r  n i t r o g e n  being  e l im in a te d .  IM U k y l-s u b s t i—
28
tu te d  pheny lhydrazones y ie ld  ^ s u b s t i t u t e d  in d o le s .
S tu d ie s  o f  th e  r e a c t io n  u s in g  is o to p ic  n i t r o g e n  have added 
f u r t h e r  p ro o f  f o r  th e  e l im in a t io n  mechanism o f ammonia shown
k •• 10’ 28below .
The a c id  c a ta ly s e d  c o n v e rs io n  o f  pheny lhydrazones to
in d o le s  o r  3&a*i&doles h as  been in v e s t ig a te d  e x te n s iv e ly  s in c e
6
th e  i n i t i a l  d e s c r ip t io n  o f  th e  r e a c t io n  by F is c h e r .  The 
rea rran g em en ts  o f  o x ln d o le s , in d o x y ls  ( c o n s u l t  F ig u re  I I I )  
and some 2 -u n s u b s t i tu te d —3 g » in d o le s  by r e a c t io n  w ith  a c id  
c a t a l y s t s  a re  a l s o  w e ll  known.
In  1950 W itkop2^ re p o r te d  t h a t  s p i r o -  f^cyolopentane—
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9FIGURE I I I  
COMMON DERIVATIVES OF INDOLE




1 , 3=-DiiiydroIndol© 
o r  in d o lin e
Oxindol©
H
Indoxyl D lo x in d o la
H
Isa  t i n In d ig o  ( In d ig o t in )
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10
l , 2 * » ' f  —in d p xy l] (XIX) pro pa rad by tr e a t in g  9 -« e e ty l—1 0 ,1 1 -  
dihydroxyhexshydrocarbazole (XVIII) w ith  hot aqueous a lc o h o lio  
pota ssium hydroxide, rearranged im m ediately on treatm ent w ith  
acid  to  tetrahydrocarbazole (XX). He reported fu r th e r  th a t  
tr e a t in g  sp ires- |^eyclopentane—1 ,2 !—^  —in d oxy lj (XXI) w ith  
a lk y llith iu m  compounds g iv e  tetrah yd rocarb azo len in es (XXII) 
w h ile  tr e a t in g  (XXI) w ith  Grignard reagen ts produce sp iro — 
[cyclopentane—1 ,3 — —indoles]] (X X III).
OH
XXII XXI XXIII
In 1953 i t  was reported th a t tr e a tin g  cyclohexan®— 
sp lro —3—oxin d o le  (XXIV) w ith  acid  r e su lte d  in  the form ation
o f the isom eric cyc loh ep ten o in d o le  (XXV). Harley—Mason and
32Jackson^ reported  in  1955 th a t tr e a t in g  If—eminomethy 1—iji- 
(2 ,5-d ihydroxyphenyl)—1-m eth y lp ip erid in e  (XXVI) w ith  potassium  
fe rr icy a n id e  r e su lte d  in  1 ,2 ,3  A > 5,10-hexahyd ro-7-h ydroxy-3- 
m ethylazep b]J in d o le  (XXVII), presumably by the way o f
the Interm ediate (XXVXa).







XXVI XXV la  XXVII
An example o f th e  rea rran g em en t o f  a 2—u n s u b s t i tu te d
33indolenin©  was re p o r te d  by R obinson in  1932 when he showed 
th a t  3 ,3~<Simethy 1 in d o lo n in e  (XXVIII) re a rra n g e d  in  a c id  to  






The in te rc o n v e rs io n  o r  rea rran g em en t o f  in d o le  d e riv a ­
t iv e s  seems to  be a q u i te  g e n e ra l  p ro c e s s  in  te rm s o f th e  
c a t a l y s t s ,  c o n d itio n s  and o v e r a l l  s im i l a r i t y  o f  th e  re a rra n g e ­
m ents in v o lv e d . I t  would n o t  seem to  be u n reaso n ab le  to  p o stu ­
l a t e  t h a t  a l l  o f  th e  re a rran g e m en ts  observed w ith  th e s e  com* 
pounds o ccu r by s im i la r  pathw ay. Up to  th e  tim e o f th e  p re s e n t  
re s e a rc h  no a tte m p t had been made to  d e term in e  th e  mechanism 
by w hich  a rea rran g em en t o f t h i s  s o r t  o c c u rre d . I t  was assumed 
in  m ost c a se s  th a t  a 1 ,2  s h i f t  o f  th e  Vagner Meerwein type was 
Invo lved  and o th e r  p o s s ib le  pathw ays were r e je c te d  on th e  b a s is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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t h a t  th e y  seamed too  e la b o ra te  o r  com plex. T his s tu d y  was 
i n i t i a t e d  because i t  was f e l t  t h a t  a d e f i n i t e  s tudy  o f th e  
mechanism by w hich one type  o f in d o le  d e r iv a t iv e  re a rra n g e d  
would n o t o n ly  be of v a lu e  in  i t s e l f ,  b u t a l s o  i t  would se rv e  
to  shod l i g h t  on a l l  th e  o th e r  rea rran g em en ts  o f In d o le  d e r i— 
v a t lv e s  w hich had been observed  p re v io u s ly .
The f i r s t  example of th e  in to ro o n v e rs  io n  o r  e q u i l i ­
b r a t io n  of 3H«=«lndol90 by a c id s  was r e p o r te d  from  t h i s  L abors—  
3kto r y .  I t  was observed t h a t  isobu ty rophenone phenylhydrazone 
(XXX) in  th e  p resen ce  o f p o ly p h o sp h o ric  a c id  formed a m ix tu re  
o f 2—phenyl—3»3—dim ethy l—3H—In d o le  (XXXI) and 3“’Pha ny 1—2, 3=°- 
dimethyl«=>3H***indole (XXXII). ( c f .  F ig u re  IV).  I s o la t e d ,  e i t h e r  
o f  th e s e  3 i n d o l e s  was co n v e rted  to  a m ix tu re  o f b o th  cob* 
pounds by t h i s  r e a g e n t .  The o b je c t iv e  o f t h i s  r e s e a rc h  was to  
de te rm in e  th e  c a t a l y s t s  and r e a c t io n  c o n d itio n s  n e c e ss a ry  to  
cause th e  rea rran g em en t, to  m easure th e  e x te n t  o f  re a r ra n g e ­
ment by a q u a n t i t a t iv e  a n a ly s i s  o f th e  co m position  o f  an e q u i­
l ib r iu m  m ix tu re  o f b o th  3 5 -  in d o le s ,  and to  o b ta in  in fo rm a tio n  
co n ce rn in g  th e  pathway o f th e  re a rra n g e m e n t. A v a r i e ty  o f  3 5 r  
in d o le s  were sy n th e s iz e d  and su b je c te d  to  rea rran g em en t con­
d i t i o n s  to  de term ine  th e  scope o f t h i s  r e a c t io n .  The re a r ra n g e ­
ment o f  th e  m eth io d id es o f  s e v e ra l  o f  th e s e  3j£a”in d o le s  was a ls o  
s tu d ie d .  The mechanism o f  th e  r e a c t io n  was s tu d ie d  th ro u g h  
is o to p ic  la b e l in g  of (XXXI) and (XXXII). F in a l ly  an  a tte m p t was 
made to  d e te rm in e  th e  s te re o c h e m ic a l I n t e g r i t y  o f  th e  re a r ra n g e ­
ment by s tu d y in g  th e  rea rran g em en t o f  an  o p t i c a l l y  a c t iv e  3 3 -  
in d o le .
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Sim ultaneous w ith  our work in  t h is  f i e l d ,  a s e r ie s  o f
p u b l ic a t io n s  appeared  by F akazak i and c o -w o rk e r s ^ ,  d e a lin g
w ith  th e  mechanism of th e  P ls n c h e r  rea rran g em en t (v id e  i n f r a )
and th e  in te rc o n v e rs io n  of 3 3 - in d o le s .  In  many a re a s  th e
r e s u l t s  w hich th ey  re p o r te d  were in  d i r e c t  c o n f l i c t  w ith  th o se
w hich had been observed in  t h i s  L a b o ra to ry , and w hich had been 
3k
re p o r te d .  The m is in te r p r e ta t io n  o f da ta  w hich le d  to  t h e i r  
e rro n eo u s  c o n c lu s io n s  was determ ined  and i s  r e p o r te d  in  th i s  
work.
In th e  cou rse  o f t h i s  r e s e a rc h  a p o s s ib le  method f o r  
d e te rm in in g  th e  s te re o c h e m is try  of pheny lhydra zones by ultra-® 
v i o l e t  a b s o rp tio n  sp e c tro sco p y  was s tu d ie d . S t r u c tu r a l  
isom erism  in v o lv in g  r e s t r i c t e d  r o t a t i o n  around th e  carbon 
n i t r o g e n  double bond should  be p r e s e n t  in  pheny lhydrazones in  
much th e  same manner a s  oxlm es. S tu d ie s  to  de te rm in e  th e  ayn-  
a n t l  isom er co m p o sitio n  o f compounds showing s t r u c t u r a l  
Isom erism  have been co n fin ed  to  N.M.R. I n v e s t ig a t io n s .  P h i l l i p s
and co -w o rk ers s tu d ie d  th e  s t r u c t u r a l  isom erism  o f n l t r o s —
37 38 39am ines , a l k y l n i t r l l e s  and a ld o x im es. L u s tlg  has
c a r r ie d  o u t ana logous s tu d ie s  on ketox lm es. R e cen tly  th e  svn-
a n t l  isom er d e te rm in a tio n  o f 2 ,k -d in itro p h e n y lh y d ra z o n e a  and
koaem ioarbazones has been r e p o r te d .  The p r e s e n t  s tu d y  in ­
vo lved  an  a tte m p t to  d i s t in g u i s h  th e  avn and a n t i  isom ers o f 
p h eny lhyd razones by d e te rm in in g  th e  u l t r a v i o l e t  a b s o rp tio n  o f 
th e s e  compounds over a wide te m p era tu re  ra n g e , l l th o u g h  no 
c o n c lu s iv e  r e s u l t s  were found in  t h i s  p a r t i c u l a r  a r e a ,  i t  i s  
hoped t h a t  f u r t h e r  work may le a d  to  a p ro ced u re  f o r  s tu d y in g
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th e  s te re o iso m e rism  ab o u t th e  C=N bond In  th e s e  compounds 
and f o r  e v a lu a t in g  th e  p e rc e n ta g e  s te re o ls o m e rlc  ( s m - a n t i ) 
co m p o sitio n  o f th e se  compounds when a m ix tu re  o f isom ers i s  
p r e s e n t .
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DISCUSSION
The P lan ch e r R earrangem ents  The a c id  c a ta ly s e d  re ­
arran g em en ts of in d o le  d e r iv a t iv e s  have been d isc u sse d  p r e v i­
o u s ly . P r io r  to  1958, when th e  c u r r e n t  r e s e a rc h  was begun, 
no o b s e rv a tio n  had been r e p o r te d  o f th e  in te rc o n v e r s io n  o r 
e q u i l i b r a t i o n  of t r i s u b s t i t u t e d —3H -indol® s by a c id s .  The 
in te rc o n v e r s io n  o f 3B~indole q u a te rn a ry  s a l t s ,  th e  P la n c h e r  
R earrangem ent, i s  w e ll  known and was f i r s t  d e sc rib e d  by 
P lan o h e r in  1898 . ^  The s i m i l a r i t y  o f th e  in te rc o n v e rs io n  of 
3H—in d o le  q u a te rn a ry  s a l t s  and 3Jh’in d o le  a c id  s a l t s  h a s  been 
shown in  th e  cou rse  o f t h i s  work and th e  p o s s i b i l i t y  o f b o th  
rea rran g em en ts  o c c u rr in g  by a s im i la r  pathway h as  been  s tro n g ly  
I n d ic a te d .
P lan c h e r  f i r s t  gave ev idence  f o r  t h i s  type  o f re ­
arrangem ent when he o b ta in ed  th e  same indolen ium  io d id e , m .p.
237°C from  2-ethyl-3~m e th y  1 - in d o le  (XXXIV) and 2 - m e th y l->
o -k2
e th y l—in d o le  (XXXV) by h e a tin g  w ith  m e th y lio d id e  a t  120 C. 
P la n c h e r  a ss ig n ed  th e  s t r u c tu r e  o f 1 ,2 ,3 —tr im e th y l—3—e t h y l -  
indo len ium  io d id e  (XXXVI) to  th e  indo len ium  io d id e . A lthough 
t h i s  s t r u o tu r e  i s  somewhat in  d o u b t, due to  la c k  of chem ical 
e v id e n c e ,*  a rearran g em en t v ia  m ig ra t io n  o f th e  s u b s t i tu e n t s  
m ust be assumed in  o rd e r  to  e x p la in  th e  fo rm a tio n  o f th e  same 
*
In  view  of th a  N.M.R. s p e c tra  co n ta in e d  in  t h i s  w ork, i t  
would seem to  be a r e l a t i v e l y  ea sy  t a s k  to  determ ine  th e  s t ru c ­
tu r e  o f th e s e  unknown indo len ium  io d id e s .
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indo len ium  io d id e  from b o th  in d o le s .
CH
XXXV
P la n c h e r  gave f u r t h e r  ev idence  f o r  t h i s  ty p e  of r e - ­
a rrangem en t when he o b ta in ed  two indolen ium  io d id e s ,  m .p.
. , o  ©
186 and m .p . 232 C from  3=»isopropyl~3«m©thyl»«indole (XXXVII)
o 1*3
by h e a t in g  w ith  m e th y lio d id e  a t  90 f o r  2 d ay s . He a ss ig n ed
s t r u c t u r e s  (XXXVIII) and (XXXIX) to  bhe indo len ium  io d id e s .
These s t r u c t u r e s  a re  a l s o  in  doubt due to  la c k  o f chem ical
e v id e n c e . However, th e  f a c t  t h a t  two indo len ium  io d id e s  a re
o b ta in e d  from  th e  same in d o le ,  coup led  w ith  th e  f a c t  th a t
o
P la n c h e r  co n v e rted  th e  in do len ium  io d id e , m .p . 186 C to  th e
o o
iso m eric  indo len ium  io d id e , m .p . 232 C, by h e a t in g  a t  190
f o r  t e n  m in u tes  g iv e s  ev id en ce  t h a t  a m ig ra t io n  o f  s u b s t i tu e n t s





* g e e  f o o t n o t e ,  p .  16
XXXVIII 
3 m .p .186 C
CH(CH3 )2
ch3
-  m ix
m .p.232°C
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On h e a tin g  2-ph© nyl~ indole (XL) w ith  m e th y lio d id e  a t
o  I i JLl  o120 C, P la n c h e r  o b ta in ed  an Indolen ium  io d id e , m .p . 226 C,
to  w hich he a s s ig n e d  th e  s t r u c tu r e  1 , 2 , 3—tr im e th y l—3—phenyl—
indolen ium  io d id e  (XXXIIM). 4g®in P la n c h e r  oould  n o t o f f e r
s tro n g  chem ica l p ro o f  o f t h i s  s t r u c tu r e  and th e  n a tu re  of
t h i s  indo len ium  io d id e  was l e f t  in  doubt u n t i l  1932 when
Boyd—B a r r e t t  re p e a te d  P la n c h e r1s ex p erim en t and showed u n -





T his l a s t  r e a c t io n  i s  p a r t i c u l a r l y  i n t e r e s t i n g  and 
u n iq u e• I n  th e  co u rse  o f th e  r e a c t io n  a pheny l group has 
m ig ra ted  from  th e  2 p o s i t io n  o f  th e  m o lecu le , w hich h a s  been 
shown to  be therm odynam ically  more s ta b le  p o s i t io n  on th e  in ­
do le  s k e le to n  (v id e  i n f r a ) to  th e  3 p o s i t io n .  The p ro d u c t o f
th e  r e a c t io n  showed no t r a c e  o f th e  p re se n c e  o f 1 , 3 , 3—t r i ­
me th y  1—2—p h en y l indo len ium  io d id e  (XXXIM). I t  would seem t h a t  
t h i s  iso m eric  indo len ium  m eth lod ide  (XXXIM) would be th e  more 
therm odynam ically  s ta b le  s in c e  th e  ph en y l group would be in  
c o n ju g a tio n  w ith  th e  in d o le  (I system , w hereas th e  pheny l 
group o f  XXXIIM i s  n o t in  c o n ju g a tio n  w ith  th e  rem ainder o f
* B o y d - B a r r e t t  r e p e a t e d  P l a n c h e r *  s  e x p e r i m e n t  a n d  o x i d i z e d  t h e  
p r o d u c t  w i t h  a l k a l i n e  p o t a s s i u m  p e r m a n g a n a te  t o  f o r m  1 ,3 —d i ­
me t h y l - 3 —p h e n y l  o x I n d o l e ,  t h e  n i t r o  d e r i v a t i v e  o f  w h ic h  w a s  
f o u n d  t o  b e  i d e n t i c a l  w i t h  t h e  o n e  o b t a i n e d  b y  a n  u n a m b ig u o u s  
s y n t h e t i c  r o u t e .
Mel
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M oreover, I t  has now been  shown (v id e  I n f r a ) t h a t  
0h e a tin g  XXXIM a t  150 C in  a m ethano l s o lu t io n  f o r  s e v e r a l  
h o u rs co m p le te ly  c o n v e r ts  I t  to  th e  Isom eric  indolen ium  
io d id e  XXXIIM. T his a g a in  would n o t be ex p e c te d .
To e x p la in  th e  fo rm a tio n  o f XXXIIM from 2—phenyl®  
in d o le , P la n c h e r ^  proposed  a mechanism ( o f .  F ig u re  V) in  
w hich th e  Indolenium  io d id e  XXXIM decomposes to  form  iodo— 
benzene and 1 ,2 ,> » trim e th y 1 in d o le  (X LI). Subsequent re a c ­
t io n  o f iodobenzene on th e  in d o le  p roduces XXXIIM. T his 
mechanism i s  p a r t i c u l a r l y  u n ap p e a lin g  and h ig h ly  im p ro b ab le .
A summary of o th e r  p o s s ib le  pathw ays i s  co n ta in ed  in  F ig u re  V.
Of th e  v a r io u s  p a th s  a v a i l a b l e ,  p a th  A can  be e l im i­
n a ted  im m edia te ly  s in c e  i t  has bean  show n^  th a t  tr e a tm e n t 
w ith  ao id  ca u se s  th e  re v e r s e  r e a c t io n  to  o ccu r — th e  co n v e r­
s io n  o f 3—p h e n y lin d o le  (XLII) in to  2—p h e n y lin d o le  (XL). T his 
r e a c t io n  was re p e a te d  and confirm ed  by t h i s  work.
P a th  B can be e lim in a te d  a l s o .  S im ultaneous w ith  
N akazaki and c o -w o rk e rs ^  i t  h a s  been  shown t h a t  u n d er a c id  
c a t a l y s i s ,  2 -pheny l—3 -m e th y lln d o le  (X L III) does n o t  r e a r ra n g e  
to  3—pheny l—2 -m e th y lin d o le  (XLIV) and, i n  f a c t ,  th e  r e v e r s e
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FIGURE V
POSSIBLE MECHANISMS OF THE PLANCHER REARRANGEMENT 
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r e a c t io n  ta k e s  p la c e  in  a c id .
2P a th  C i s  th e  ro u te  proposed  by J u l i a n  to  e x p la in  
th e  rearrangem en t*  Here i t  i s  assumed t h a t  3*3—dime th y  1-2— 
pheny l—3H-*indole (XXXI) i s  th e  in te rm e d ia te  and an exchange 
o f m eth y l f o r  pheny l ta k e s  p la c e  a t  t h i s  p o in t ,
T hat p a th  C was a p o s s ib le  ro u te  f o r  t h i s  r e a c t io n  
was shown by th e  p r e s e n t  w ork, f o r  under a v a r i e ty  of a c id ic  
c o n d i t io n s ,  3*3—d im eth y l—2^phenyl—3 j|- in d o le  (XXXI) i s  con­
v e r te d  to  2 , 3-dim e th y  1-3—ph en y l—3B -ind o le  (XXXII), T h is work 
w i l l  be d iso u sse d  in  d e t a i l  l a t e r ;  how ever, i t  shou ld  be men­
tio n e d  t h a t  i t  i s  a t  t h i s  p o in t  t h a t  th e  Japanese f e l l  in to  
t h e i r  f i r s t  e r r o r .
The Japanese chose to  p re p a re  t h e i r  sample o f XXXI 
v ia  a F is c h e r  In d o le  s y n th e s is  from  isobu ty ro p h en o n e  phenyl—
hydrazone (XXX) u s in g  po lyphosphor1c a c id .  I t  had been  pre—
3kv io u s ly  shown th a t  such a r e a c t io n  r e s u l t s  in  a m ix tu re  of 
XXXI and XXXII a s  shown in  F ig u re  I .  T h e re a f te r  th e  Japanese 
w ere w orking w ith  a m ix tu re  of 3H—in d o le s  XXXI and XXXII, 
in s te a d  o f a pure sample of XXXI, When th e y  h e a te d  t h i s  mix­
tu r e  in  a c id ,  th e y  reo o v ered  th e  same m ix tu re  o f 33—in d o le s  
o n ly  s l i g h t l y  changed in  co m p o s itio n . They assumed t h a t  th ey  
had re c o v e re d  u n rea rran g ed  XXXI and th a t  th e  c o n v e rs io n  of 
XXXI to  XXXII in  a d d  d id  n o t ta k e  p la o e , They th e r e fo r e  r e ­
je c te d  p a th  C a s  a p o s s ib le  ro u te  o f th e  r e a c t io n  and chose 
p a th  D a s  th e  on ly  p o s s ib le  pathw ay.
D uring th e  co u rse  of t h i s  work ev ldenoe to  d i s t in g u is h  
betw een  p a th  C and p a th  D was n o t o b ta in e d . The m ain i n t e r e s t  
o f t h i s  w ork was in  th e  s tu d y  o f  th e  in te rc o n v e r s io n  o f  t r l —
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s u b s t i tu te d  3B ~indoles a s  i l l u s t r a t e d  by p a th  C. The ev idence  
w hich  was o b ta in e d , however, i n v a l id a te s  th e  c o n c lu s io n  o f th e  
Japanese  w o rk e rs . The p o s s i b i l i t y  o f th e  rea rran g em en t pro® 
se e d in g , by way o f Ju lian® s mechanism , canno t be r e j e c t e d .
Rearrangem ent of D im ethyl^phenyl—3B~indole s 9— I t  
would seem th a t  i f  p a th  C were a p o s s ib le  ro u te  i n  th e  P la n — 
ch e r rea rran g em en t th e n  th e  c o n v e rs io n  o f 2—phenyl—3 *3-*d I”  
m ethyl—3H®ln<3ole (XXXI) to  2 ,3 -d im e th y l—3—phenyl—3B -ind o le  
(XXXII) cou ld  be e f f e c te d  under a c id ic  c o n d i t io n s .  In  f a c t ,  
XXXII shou ld  be found in  th e  r e a c t io n  m ix tu re  from  th e  t r e a t ­
ment o f Isobutyrophenon®  phenylhydrazon©  (XXX) w ith  p o ly —
p h o sp h o ric  a c id  fo llo w in g  th e  r e a c t io n  p ro ced u re  of K issm an,
1*8
F arn sw o rth  and W itkop, s in c e  i t  would seem t h a t  th e  i n i t i a l  
p ro d u c t o f  t h i s  r e a c t io n  (XXXI) shou ld  re a rra n g e  under th e s e  
r e a c t io n  c o n d it io n s  to  some e x te n t  to  a f fo rd  XXXII. K issm an, 
F arn sw o rth  and W itkop, how ever, r e p o r te d  on ly  th e  fo rm a tio n  
o f XXXI from  such  a r e a c t io n .  They c h a ra c te r iz e d  t h e i r  p ro ­
d u c t v ia  th e  p i c r a t e  (m .p . 153—155°C) and th e  p e r c h lo r a te  
(m .p . 19i|#-19f>°C) •
The in v e s t ig a t io n  o f th e  r e a c t io n  m ix tu re  from  th e  
tre a tm e n t o f  isobu ty rophenone phenylhydrazone (XXX) w ith  PPA 
a t  180° fo llo w in g  th e  r e a c t io n  p ro ced u re  of K issm an, F a rn s­
w o rth  and W itkop showed i t ,  in d e e d , t o  be a m ix tu re  o f two 
b a s ic  p ro d u c ts  su b se q u en tly  i d e n t i f i e d  a s  XXXI and XXXII. 
(C o n su lt F ig u re  IV ). T his m ix tu re  o f  p ro d u o ts  may n o t have 
been  o b ta in e d  by Kissm an, F arn sw o rth  and W itkop f o r  lo w er 
te m p e ra tu re s  do n o t cause th e  c o n v e rs io n  of XXXI t o  XXXII.
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The lsobu ty rophenone phenylhydrazone w hich was used in  t h i s  
r e a c t io n  and in  th e  subsequen t r e a o t io n s  was o b ta in ed  from 
th e  a c id  o a ta ly s e d  co n d e n sa tio n  o f  isobutyrophenon®  and 
p h en y lh y d raz in e  in  th e  form of a y e llo w  v isc o u s  o i l .  T his 
m a te r ia l  gave c o r r e c t  a n a ly t i c a l  v a lu e s  f o r  ca rb o n , hydrogen 
and n i t r o g e n ,  b u t  cou ld  n o t be o b ta in ed  in  a c r y s t a l l i n e  form  
u s in g  o rd in a ry  te c h n iq u e s .
il-9S tandard  r e fe re n c e s  l i s t  th e  m e ltin g  p o in t  o f i s o — 
butyrophenon© phenylhydrazon©  a s  73°C. S ince  two p ro d u c ts  
were o b ta in ed  from th e  r e a c t io n  o f  isobutyrophenon®  phenyl— 
hydrazon© w ith  p o ly p h o sp h o ric  a c id  and s in c e  th e  c r y s t a l l i n e  
form of th e  phenylhydrazon©  cou ld  n o t be o b ta in ed  by o rd in a ry  
m ethods, i t  was e s s e n t i a l  to  a s su re  th e  p u r i ty  of t h i s  s t a r t ­
ing  m a te r i a l ,  a t te m p ts  to  o b ta in  a pur© sample of th e  ph en y l— 
hydrazone le d  to  some in t e r e s t i n g  d is c o v e r ie s  w hich w i l l  be 
d isc u sse d  in  d e t a i l  l a t e r .  However, i t  oan be m entioned a t  
t h i s  p o in t  t h a t  th e  lsobu ty rophenone phenylhydrazon©  used in  
th e  r e a c t io n s  d e sc r ib e d  in  t h i s  work was shown to  be o f  r e l a ­
t i v e l y  h ig h  p u r i ty  and co n ta in e d  no o th e r  m a te r ia l  w hich could  
accoun t f o r  th e  m ix tu re  of p ro d u c ts  o b ta in ed  from  th e  r e a c t io n  
w ith  p o ly p h o sp h o ric  a c id .
The r e a c t io n  m ix tu re  of pu re  lsobu ty rophenone pheny l— 
hydrazone (XXX) w ith  p o ly p h o sp h o ric  a c id  form ed two p i c r a t e s  
w hioh cou ld  be se p a ra te d  by f r a c t i o n a l  r e c r y s t a l l i z a t i o n  from  
95% e th a n o l .  The p io r a te  (XXXIP), more s o lu b le  in  e th a n o l ,  
m elted  a t  th e  te m p era tu re  r e p o r te d  f o r  3 ,3-d im ethyl-*2—phenyl— 
3B -indo le  p io r a te  by K issm an, F arnsw orth  and W itk o p ^  and
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Leuch and was id e n t i c a l  w ith  th e  on ly  p io r a te  i s o la te d  from
90th e  r e a c t io n  m ix tu re  o f XXX w ith  a c e t i c  o r z in c  c h lo r id e  •
The second p ic r a te  (XXXIIP) from  th e  r e a c t io n  m ix tu re  of XXX 
w ith  PPA was h ig h e r  m e ltin g  and l e s s  so lu b le  th a n  XXXIP» The 
p i c r a t e  XXXIIP was id e n t i c a l  w ith  th e  on ly  p i c r a t e  i s o la te d  
from  th e  r e a c t io n  m ix tu re  o f 3-phenyl«-2-butanon©  phenylhydra— 
zone (XXXIII) w ith  a c e t i c  a c id .
The b a se s  (XXXI and XXXII) w ere p rep a red  from  th e  plc<°>
r a t e s  (XXXIP and XXXIIP) by p a s s in g  a ch lo ro fo rm  s o lu t io n  of
QEtOH
227, 233, 2kb, 305 m u; lo g  £  4 .1 0 , 4 .0 9 , 3 .9 9 , 4 .1 5 ) and
In f r a r e d  a b s o rp tio n  s p e c tra  o f  th e  base  XXXI w ere i d e n t i c a l  
w ith  th o se  re p o r te d  f o r  3 , 3-~d ima th y  1<>~2—ph©ny 1—3R -indo la  
(XXXI) and were i n  acco rd  w ith  th e  p r o p e r t ie s  p re d ic te d
f o r  t h i s  s t r u c tu r e .
The b ase  (XXXII) o f XXXIIPs o b ta in e d  i n i t i a l l y  a s  an 
o i l ,  was u n s ta b le  to  h e a t  and a i r  and appeared  to  absorb  oxy­
gen from  th e  a i r  r a p id ly  f o r  th e  e le m e n ta l a n a ly s e s  f o r  ca rb o n , 
hydrogen and n i t r o g e n  c o n s i s te n t ly  accoun ted  f o r  on ly  98$ . 
Samples o f t h i s  o i l ,  how ever, w ere k e p t a t  room tem p era tu re  
under n i t r o g e n  f o r  a th r e e -y e a r  p e r io d  w ith o u t a p p a re n t change. 
A f te r  s ta n d in g  f o r  s e v e ra l  m onths, one sample o f  2 ,3 —d im e th y l-  
3~ pheny l-3B -indo le  (XXXII) c r y s t a l l i z e d .  This s o l id  e f f e c te d  
th e  c r y s t a l l i z a t i o n  o f a l l  th e  o th e r  sam ples o f XXXII and , a f t e r  
p u r i f i c a t i o n ,  gave o o r r e c t  e le m e n ta l a n a ly s e s  f o r  oarbon , hy­
drogen  and n i t r o g e n .
The d e r iv a t iv e s  o f  th e  b ase  XXXII p ic r a t e  (XXXIIP) m eth -
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Io d id e  (XXXIIM) and d ih y d ro  (XXXIID) gave th e  a n t ic ip a te d
a n a l y t i c a l  v a lu e s  f o r  carbon  and hydrogen . The u l t r a v i o l e t
a b s o rp t io n  spectrum  of XXXII was w eaker th a n  t h a t  of XXXI 
EtOH
( J 260 m u ; log  > = 3 *7 2 ) and was c o n s is te n t  w ith
max max
th e  s t r u c tu r e  2 ,3 ^ im e th y l—3—phenyl—3H-Ind o le  (XXXII). The 
in f r a r e d  spectrum  of XXXII was d e c id e d ly  d i f f e r e n t  from  th a t  
of XXX showing a s tro n g  band a t  1588 cnf”3- w hich  could  be 
used to  d e te c t  sm all amounts o f XXXII mixed w ith  XXXI. ^ 
q u a l i t a t i v e  u l t r a v i o l e t  a b s o rp tio n  spectrum  o f such  a mix*' 
tu r e  was so s im i la r  to  th e  spectrum  o f XXXI th a t  th e  p re sen ce  
o f XXXII cou ld  n o t be d e te c te d .  The p ro to n  m agnetic r e s o ­
nance s p e c tr a  o f XXXI and XXXII were in  agreem ent w ith  th e  
a s s ig n e d  3H"’in d o le  s t r u c tu r e s  (v id e  i n f r a ) .
The m e ltin g  p o in t  o f th e  m eth lo d id e  o f XXXII was 
I d e n t i c a l  w ith  t h a t  re p o r te d  by Boyd—B a r r a t t ^  f o r  th e  p ro ­
d u c t o f th e  r e a c t io n  o f m ethy l io d id e  w ith  2—p h e n y lin d o le  
(XL) w hich  was proved by th e s e  a u th o rs  to  be th e  m eth lod ide 
of 2 ,3 -d im e th y l-3—phenyl—3& »indole (XXXII). These d a ta  show 
t h a t  2 , 3 -d im e th y l-3—phenyl—3H -indo le  (XXXII) was th e  s t r u c ­
tu r e  o f XXXII and th a t  XXXII r e s u l t e d  from  a rea rran g em en t 
of 3 ,3 —dime th y  1 -2 -p h en y l—3H—in d o le  (XXXI) caused  by p o ly -  
p h o sp h o ric  a c id .  I t  i s  a l s o  shown th a t  XXXII i s  th e  so le  
p ro d u c t of th e  r e a c t io n  o f 3—phenyl—2-b u tan o n e  pheny lhydra— 
zone (XXXIII) w ith  zino  c h lo r id e  o r  a c e t i c  a c id  and t h a t  th e  
p r e p a r a t io n  of th e  3]£-indole (XXXII) from  th e  phenylhydrazon®  
o f  3—ph en y l—2—butanone can  be accom plished in  a c e t lo  a c id  
w ith o u t e q u i l ib r a t i o n  to  th e  iso m eric  3 B -in d o le  XXXI.
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T his ag a in  i s  in  d i r e c t  c o n t r a s t  to  th e  r e p o r t  of
35N akazaki and co -w o rk ers. These a u th o rs  re p o r te d  th a t  the 
phenylhydrazone of 3—phenyl—2—butanone (XXXIII) on r e a c t io n  
w ith  z in c  c h lo r id e ,  boron  t r i f l u o r i d e ,  o r  h y d ro c h lo r ic  ac id  
produced 3 ,3 -^ im e th y l—2—phenyl—35-indol©  (XXXI), th e re fo re  
e l im in a t in g  th® c o n s id e ra t io n  o f th e  mechanism proposed  by
p
J u l i a n  f o r  th e  P lan ch e r rea rran g em en t (F ig u re  V ), th e  f o r ­
m atio n  o f 1 , 2 ,3—trim ® thy l—3°“phenylindo len ium  io d id e  (XXXIIM) 
from th e  m e th y la tio n  of 2-p h e n y lIn d o le  w ith  m ethyl io d id e . 
N akazaki and co -w o rk ers , how ever, a ss ig n ed  th e  s t r u c tu r e  
XXXI to  th e  p ro d u ct o b ta in ed  from  3—pheny 1—2—butanone phenyl­
hydrazone (XXXIII) on th e  b a s i s  o f  th e  m e ltin g  p o in t  (170- 
172rt) of th e  p i c r a t e .  T his va lue  co rresp o n d s  to  th e  m e ltin g
A ol
p o in t  (168—170 ) p re v io u s ly  re p o r te d  from  t h i s  L ab o ra to ry  
f o r  th e  p ic r a te  o f 2 ,3 "d im e th y l—3—phenyl—3B -indo le  (XXXII)
n
and i s  11—12 h ig h e r  th a n  th e  m e ltin g  p o in t  o f a u th e n tic
35(XXXI) p io r a t e .  N akazaki and co-w orkers confirm ed the  
i d e n t i t y  o f th e  3 3 - in d o le  p i c r a t e  from XXXIII w ith  th e  p ic — 
r a te  o f th e  p roduo t from  th e  r e a c t io n  o f lsobu ty rophenone 
phenylhydrazone (XXX) w ith  p o ly p h o sp h o ric  ac id  by a  m ix tu re  
m e ltin g  p o in t .  This in d ic a te s  t h a t  N akazaki and co-w orkers 
o b ta in ed  th e  same m ix tu re  o f  XXXI and XXXII from  th e  r e a c t io n  
o f lsobu ty rophenone  pheny lhydrazone (XXX) a s  r e p o r te d  from 
t h i s  L a b o ra to ry -^  and th a t  th e  p ic r a t e  I s o la te d  from  th i s  
m ix tu re  was th e  more In s o lu b le  p i c r a t e ,  2 , 3—d im eth y l—3- pheny 1-
3 g - in d o le  p ic r a te  (XXXIIP). These r e s u l t s  in v a l id a te  th e
35c o n c lu s io n s  drawn by N akazaki and co -w orkers f o r  th e  p u r i ty
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of t h e i r  s t a r t i n g  3B -in d o le  (XXXI) and th e  c h a r a c te r i z a t io n  
o f t h e i r  p ro d u c ts  i s  In  doubt in  each  r e a c t io n  th e y  ra n .
As m entioned p re v io u s ly , th e  rea rran g em en t of XXXI 
to  XXXII i s  unexpected , f o r  3 , 3"»dimethy 1—2—pheny 1—3B -in d o le  
(XXXI) would be co n s id e red  to  be th e  therm odynam ically  fav o red  
isom er and r e s u l t  from th e  rea rran g em en ts  o f XXXII r a th e r  th an  
th e  r e v e r s e .  This assum ption  in  c o n ju n c tio n  w ith  th e  ex p e ri— 
m en ta l d i f f i c u l t i e s  in  d is t in g u is h in g  (XXXII) from  (XXX) led  
to  th e  e rro n eo u s c o n c lu s io n s  co n cern in g  th e  r e a c t io n  w hich th e  
Japanese re p o r te d .
As f i n a l  p ro o f th a t  XXXI and XXXII a re  s e p a ra te  and 
d i s t i n c t  compounds b o th  were su b je c te d  to  p a r t i a l  r e d u c tio n  
w ith  sodium borohydride  to  th e  co rresp o n d in g  d ih y d ro  compounds 
(o r  in d o l in e s ) .  The re d u c t io n  o f 3 ,3 —dime th y  1 -2 -p h en y l—3J1~ 
in d o le  (XXXI) w ith  sodium b o ro h y d rid e  gave a w h ite  c r y s t a l l i n e  
m a te r ia l ,  m .p. 89-91°, w hich oompares fa v o ra b ly  w ith  th e  m e lt­
in g  p o in t  w hich Kissman, F arn sw o rth  and W itkop r e p o r t  f o r  3 ,3 —
* 14.8d ime th y  1—2—pheny 1—ind o l  in e  (X X X ID ). The m e ltin g  p o in t  o f 
th e  p i c r a t e  o f the re d u c tio n  p ro d u c t p rep ared  from .IN  HC1 
s o lu t io n  m elted  a t  th e  te m p e ra tu re  re p o r te d  a s  th e  m e ltin g  
p o in t  f o r  th e  p ic r a te  o f 3 , 3—dime th y  1 -3 -p h e n y l- in d o lin e  p re ­
pared  by Kissman, F arnsw orth  and Witkop in  th e  same m a n n e r .^
The re d u o tio n  o f X X X II w ith  sodium b o ro h y d rid e  gave a 
y e llo w  o i l  w hich could  n o t be c r y s t a l l i z e d .  The in f r a re d  
spectrum  of th e  o i l  was s i g n i f i c a n t l y  d i f f e r e n t  from  th a t  of 
th e  r e d u c t io n  p ro d u ct o f I I  and was c o n s is te n t  w ith  th e  s t r u c ­
tu r e ,  2 ,3-d ifflsthy  1 -3 -pheny l—in d o lin e  (X X X IID ) . The p ic r a te
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was p re p a re d  in  .IN  HC1 to  g iv e  a d e r iv a t iv e  which m elted  a t  
169—171° d . and w hich gave c o r r e c t  a n a ly t i c a l  v a lu e s  f o r  2 , 3- —■ 
d im ethy l—3—p h e n y lin d o lin e  p i c r a t e .
The rea rran g em en t of XXZX to  XXXII was observed to  
occu r w ith  po ly p h o sp h o rlc  ac id  on ly  a t  te m p e ra tu re s  of 150° 
and above. Below 150° no rearran g em en t to  XXXII could  be 
d e te c te d  even on p ro longed  h e a t in g ,  At 150° an e q u i l ib r a ­
t io n  ocou rred  w ith  th e  co m p o sitio n  of th e  r e a c t io n  m ix tu re  
rem ain ing  c o n s ta n t a f t e r  abou t 3 h r .  o f  h e a t in g . The com­
p o s i t io n  of th e  e q u ilib r iu m  m ix tu re  was shown to  be ap p ro x i­
m ate ly  70# 2 ,3 ^ im e th y l—3—phenyl—3 B -in d o ls  (XXXII) and 30%
3 ,3 —d im e th y l-2 —phenyl—33«ind o le  (XXXI) by u l t r a v i o l e t  spec­
tro s c o p ic  a n a ly se s  fo llo w in g  th e  p ro ced u re  of Jak>-Shalom,
51F i t z p a t r i c k  and O rchin .
A n a ly s is  of th e  e q u ilib r iu m  m ix tu re  by in f r a r e d  spec­
tro s c o p ic  a n a ly s i s ,  a lth o u g h  a l e s s  a c c u ra te  te c h n iq u e , gave 
su p p o rt to  th e  f a c t  th a t  th e  e q u ilib r iu m  m ix tu re  indeed 
fav o red  th e  3 3 - in d o le  (XXXII). A ttem pts to  s e p a ra te  th e  mix­
tu r e  v ia  v ap o r phase Chromatography gave a poor r e s o lu t io n .
A c a lc u l a t i o n  o f th e  a rea  u n d ern ea th  th e  cu rv es  showed th e  
e q u ilib r iu m  m ix tu re  to  be ab o u t 68#  XXXII and 22# XXXI. T his 
c a lc u l a t i o n ,  a l th o u g h  in  e x c e l le n t  agreem ent w ith  th e  an a ly ­
s i s  by u l t r a v i o l e t  sp e c tro sc o p y , canno t be used a s  d e f i n i t e  
ev idence  f o r  th e  co m p o sitio n  o f th e  e q u i l ib r iu m  m ix tu re  be­
cause of th e  p o o r r e s o lu t io n .  However, t h i s  con firm s t h a t  th e  
e q u ilib r iu m  o f th e  rea rran g em en t d e c id e d ly  fa v o rs  2 , 3-dim ethy"b-
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3~phenyl~3B~lnd o le  (XXXII).
A lthough th e  r e a c t io n  m ix tu re  oould be re so lv e d  q u ite  
n ic e ly  by s e v e ra l  te c h n iq u e s  (see  E x p erim en ta l) a q u a n t i t y  
t iv e  s e p a ra t io n  could n o t be e f f e c te d .
A pproaching th e  e q u ilib r iu m  by r e a c t io n  o f 2 , 3“"dl®
m ethyl—>-phenyl—3H »indole (XXXII) w ith  p o ly p h o sp h o ric  a c id  a t  
. o
150 gave an e q u ilib r iu m  m ix tu re  of s im i la r  co m position  a f t e r  
h e a tin g  f o r  txfo h o u rs . Indeed , th e  u l t r a v i o l e t  spectrum  of 
t h i s  r e a c t io n  m ix tu re  was a lm ost su p e rim p o sib le  on th e  u l t r a ­
v i o l e t  spectrum  of th e  e q u ilib r iu m  m ix tu re  a t ta in e d  by re a c ­
t io n  o f XXXI.
A ttem pts to  fo llo w , k i n e t i c a l l y ,  th e  r e a c t io n  of 
e i t h e r  XXXI o r  XXXII w ith  po ly p h o sp h o ric  ac id  proved f u t i l e .
No method f o r  com plete , q u a n t i t a t iv e  s e p a ra t io n  o f th e  two 
3B-*indoles could  bs found and th e  methods which were used to  
a n a ly se  th e  co m p o sitio n  o f th e  m ix tu re s  were n o t of s u f f i c i ­
e n t a o c u rrac y  to  be used f o r  t h i s  p u rp o se .
I t  was observed th a t  th e  tim e re q u ire d  f o r  th e  forma­
t io n  o f th e  boron  t r i f l u o r i d e  ad d u c ts  o f XXXI and XXXII were 
m arkedly  d i f f e r e n t .  Upon a d d i t io n  o f XXXI to  b o ro i> - tr l f lu o -  
r id e  e t h e r a te ,  th e  adduc t p r e c ip i t a t e d  in  a m a tte r  o f  seconds, 
w hereas th e  adduc t o f XXXII formed over th e  p e r io d  o f th re e  
to  f o u r  d ay s . I t  may be p o s s ib le  to  employ t h i s  te ch n iq u e  
f o r  th e  s e p a ra t io n  of XXXI and XXXII. However, t h i s  f a c t  was 
n o tic e d  q u i te  l a t e  d u rin g  th e  p re s e n t  in v e s t ig a t io n  and th e  
p o s s i b i l i t y  was n o t s tu d ie d  f u r t h e r .
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Rearrangem ent of Dime th y l—Phenyl—3&°Ind o le  a w ith  
O ther Acid C a ta ly s t s .— in  an  e f f o r t  to  determ ine th e  con­
d i t io n s  n e c e ss a ry  f o r  th e  rea rran g em en t of 3 3 - in d o le s , th e  
r e a c t io n s  o f 3 ,3 —dim ethy l—2—p h sny l—3B-lnd o le  (XXXI) w ith  a 
number o f a c id ic  re a g e n ts  a t  v a ry in g  tem p era tu re  were d e te r ­
m ined. The p ro d u c ts  i n  each  case  were analyzed  by in f r a r e d  
sp e c tro sco p y  and th e  d e te c t io n  of m o lecu la r  rea rran g em en t to  
2s3 ^ i r o e th y l—3ra’Phenyl—3&’*,in d o le  (XXXII) was determ ined  by th e  
p rese n ce  o f a b s o rp tio n  a t  1585 cm"1 and 1375 cnf’* . i n  
approx im ate measurement was made o f th e  e x te n t of re a r ra n g e ­
ment in  each  case  by m easuring  th e  i n t e n s i t y  o f a b s o rp tio n  
a t  1585 cu r4, and 1375 c a r* . Both XXXI and XXXII show abso rp ­
t io n  in  th e  arom atic  re g io n  a t  695 cnT3, and 750 cm”'*. S ince 
th e  spectrum  of e i t h e r  compound shows a b s o rp tio n  a t  th e  same 
p o s i t io n  in  th e  spectrum , and of eq u a l i n t e n s i t y ,  t h i s  ab­
s o rp t io n  a t  695 cnf',i and 750 cm"* cou ld  be used as  a s ta n d a rd  
to  d e te rm in e  th e  r e l a t i v e  i n t e n s i t y  o f the  1585 cm"* and 
1375 cnT* a b s o rp tio n .
The v a r io u s  r e a c t io n  c o n d it io n s  under w hich th e  re ­
arrangem ent was a ttem p ted  a re  summarized in  Table I .  I t  was 
shown th a t  th e  rearrangem en t of 3 ,3 -dIm ethy1—2 -phenyl—3&- 
in d o le  (XXXI) could  be e f f e c te d  by tre a tm e n t w ith  lj.8# h y d ro - 
brom ic a c id  a t  th e  r e f lu x  te m p e ra tu re  of the  s o lu t io n .  Heat­
ing  a s o lu t io n  o f th e  boron  t r i f l u o r i d e ,  aluminum c h lo r id e ,  
z in c  c h lo r id e ,  o r  f e r r i c  c h lo r id e  Lewis ac id  s a l t s  o f  th e  3 3 -  
in d o le  i n  th e  i n e r t  s o lv e n t ,  t e t r a l i n ,  a t  150°, a l s o  le d  to  
th e  p a r t i a l  co n v e rs io n  of XXXI to  XXXII. No a tte m p t was made
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TABLE I  co n t .«
C a ta ly s t
p - no2- c6h^ co2h
p - ch3 c 6h^s o 3h
S o lv en t
t e t r a l i n
t e t r a l i n
150°  
15 0°
E x te n t R earr. 
Time to  XXXII
none
none
a c e t lo  a c id g l a c i a l  a c e t ic  ac id r e f lu x 2k  h r . none
a) R e a c tio n  was n o t b ro u g h t to  e q u il ib r iu m ; b) e x te n s iv e  d eco m p o sitio n .
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32
to  b r in g  th e se  r e a c t io n s  to  e q u i l i b r i a .  No rearrangem en t of 
th e se  s a l t s  was observed a t  te m p e ra tu re s  below 100°.
The s a l t s  o f th e  3® ~indole w ith  j>—to lu e n e  s u l f  o r ic  
ac id  o r  j> -n itro b en zo ic  a c id  gave no rearrangem en t on h e a tin g  
in  t e t r a l i n  even a t  150° f o r  2 h r .  I t  would ap p ea r, th e re ­
f o r e ,  t h a t  th e  rearrangem en t i s  q u i te  s e n s i t iv e  to  th e  n a tu re  
of th e  c a t a l y s t  as w e ll a s  to  te m p e ra tu re .
The ex p e rim en ta l c o n d itio n s  w hich cause th e  e q u i l i ­
b r a t io n  o f th e  3H -indo les (XXXI) and (XXXII) a re  s im ila r  to  th e  
c o n d it io n s  used f o r  th e  P la n c h e r  rea rran g em en t. Thus th e  re ­
arrangem ent w hich accom panies th e  m e th y la tio n  o f 2 -pheny l»  
In d o le  w ith  m ethyl io d id e  msy occu r by rearrangem en t of 3 ,3— 
d im eth y l—2—phenyl—3&-Ind o le  (XXXI) h y d ro io d id e  as proposed 
by J u l i a n  and co-w orkers^  o r by rearran g em en t of XXXI m eth - 
io d id e .
S y n th e s is  and A ttem pted Rearrangem ent of O ther 3B- 
I n d o le s .— I t  was p a r t i c u l a r l y  I n t e r e s t in g  to  determ ine th e  
e f f e c t  of hav ing  a h e te ro c y c l ic  o r  c a rb o c y c lic  r in g  fu sed  in  
a s p i r o  f a s h io n  to  th e  3 - p o s i t io n  o f th e  in d o le  s k e le to n  in  
o rd e r  to  s tudy  th e  e f f e c t s  t h a t  s t e r i c  f a c to r s  and th e  need 
f o r  r in g  expansion  would have on th e  e x te n t  of rearran g em en t 
o f th e s e  compounds. T his s tu d y  would a l s o  le a d  to  th e  syn­
t h e s i s  o f some in t e r e s t i n g  ty p es  of compounds and r in g  sy stem s.
I t  was decided  to  keep a pheny l group in  th e  2 -p o s i— 
t io n  o f each  compound. This would s im p lify  th e  s y n th e s is  of 
th e s e  oompounds a s  w e ll  a s  f u r n i s h  a co n v e n ien t method f o r  
id e n t i f y in g  th e  p ro d u c ts  s in c e  th e  chromophore encoun tered
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when th e  phenyl s u b s t i tu e n t  i s  in  th e  2—p o s i t io n  i s  r e a d i ly  
d is t in g u is h a b le  from th e  chromophore of th e  re a rra n g e d  pro­
du ct ( in  w hich th e  pheny l s u b s t i tu e n t  i s  in  th e  3 -p o s i t io n )  
by u l t r a v i o l e t  a b s o rp tio n  sp e c tro sco p y . ^ method f o r  d e te r ­
m ining th e  p e rcen tag e  of an e q u ilib r iu m  m ix tu re  would a ls o  
be a v a i la b le  i f  such a m ix tu re  was enoountered  and could n o t 
be re so lv e d  q u a n t i t a t i v e l y . - ^
The compounds of t h i s  n a tu re  w hich were p rep ared  a re  
i l l u s t r a t e d  below .
CH,
XLVIII
The p re p a ra t io n  o f s p l r o - ( p ip e r ld in e - i | . ,3 8—2®—p h en y l-— 
3 B -in d o le ) (XLVIII) was accom plished  as i l l u s t r a t e d  in  F igu re  
V I. i|/-P y rldy lpheny lke tone  methobromide (XLV) was reduced 
c a t a l y t i c a l l y  over p la tin u m  oxide and th e n  h y d ro ly sed  to  1— 
m e th y l-V -p ip e rid y lp h e n y lc a rb in o l (XLVI). The c a rb in o l  (XLVI) 
was o x id ized  to  1-m etbyl—Ijj-p ip e rid y lp h en y lk e to n e  (XLVII) w ith  
chrom ic a c id .
The ketone (XLVII) underw ent no r e a c t io n  w ith  phenyl— 
h y d raz in e  even upon-prolonged h e a tin g  in  a o e t ic  a c id .  I t  was 
n o t p o s s ib le  th e re fo re  to  i s o l a t e  th e  phenylhydrazone of 
XLVII. The 3& -indole (XLVIII) was p rep a red  in  p o o r y ie ld  from  
L -m eth y l-ijf-p ip erid y lp h en y lk e to n e  (XLVII) and p h en y lh y d raz in e  
by h e a tin g  equ lm olar amounts o f  th e  two compounds i n  polyphos—
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p h o ric  a c id  a t  150° f o r  2 h r .  The r e s u l t i n g  r e a c t io n  p ro d u c t 
cou ld  n o t be p u r i f i e d  o r  s e p a ra te d  by any means o th e r  th an  
column chrom atography from w hich a p iro —(p ip e rid in e -4 j.,3 J—2 
phony 1^3JM .ndole (XLVIII) was i s o la te d  as  th® only  id e n t i ­
f i a b l e  p ro d u c t. Upon p u r i f i c a t i o n  XLVIII m elted  a t  110-112° 
and gave c o r r e c t  a n a ly t i c a l  v a lu e s  f o r  carbon  hydrogen and 
n i t r o g e n .  The p ic r a t e  o f XLVIII p rep a red  in  95% e th a n o l 
m elted  a t  230-231° and a ls o  gave c o r r e c t  a n a ly t i c a l  v a lu e s .
The assig n m en t of s t r u c tu r e  XLVIII to  th e  on ly  p ro d u c t ob­
ta in e d  from  th e  r e a c t io n  of XLVII w ith  p h en y lh y d raz in e  was 
based  p r im a r i ly  on th e  u l t r a v i o l e t  a b s o rp tio n  spectrum  of 
t h i s  compound which was ex trem ely  s im i la r  to  t h a t  of 3 ,3 — 
d im ethy l—2 -p h en y l—3H-ind o le  (XXXI) ( c f . Table I I ) .  The in ­
f r a r e d  a b s o rp tio n  spectrum  o f XLVIII was c o n s is te n t  w ith  th e  
assig n m en t of t h i s  s t r u c tu r e .
To determ ine i f  th e  rea rran g em en t of XLVIII to  XLIX 
would ta k e  p la c e , a pure sample o f XLVIII was h ea ted  in  p o ly -  
p h o sp h o ric  a c id  a t  190° f o r  3 h r .  The p ro d u c t of t h i s  re a c ­
t io n  c o n s is te d  e n t i r e ly  in  u n rea c te d  XLVIII. The p re se n ce  of 
no o th e r  p ro d u c t was d e te c te d  by e i t h e r  in f r a re d  o r  u l t r a ­
v i o l e t  a b s o rp tio n  sp ec tro so o p y  o r  by s e p a ra t io n  by column 
chrom atography . A ttem pting  th e  rea rran g em en t o f XLVIII a t  
te m p e ra tu re s  h ig h e r  th a n  190° r e s u l te d  in  sev e re  c h a r r in g .
Due to  d i f f i c u l t y  in  p re p a r in g  XLVIII and th e  p o o r y i e ld s .e n ­
co u n te red  in  th e  s y n th e s is ,  th e  in te rc o n v e r s io n  o f XLVII to  
XLVIII was n o t a ttem p ted  u s in g  o th e r  a c id  c a t a l y s t s .  However, 
s in c e  p o ly p h o sp h o ric  a c id  seems to  be th e  most e f f e c t iv e
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and v e r s a t i l e  re a g e n t f o r  acco m p lish in g  t h i s  rea rran g em en t 
i t  would seam sa fe  to  assume t h a t  th e  rea rran g em en t of 
XLVIII to  XLIX does n o t ta k e  p la c e  in  a c id .
CH
XLVIII
Th© p re p a ra t io n  o f cy c lo h ex y lp h en y lk e to n e  pheny l— 
hydrazone could  n o t be accom plished  even under d r a s t i c  con® 
d i t i o n s .  When o th e r  m ethods had f a i l e d ,  t h i s  k e to n e  (L) and 
p h en y lh y d raz in e  were t r e a te d  w ith  p o ly p h o sp h o ric  a c id  to  g ive  
a b la o k , t a r - l i k e  m a te r ia l  from  w hich s p iro -(c y c lo h e x a n e —1 ,
3 s=~2 ’—p h en y l—3 in d o le ) (L I) was i s o la te d  in  poo r y ie ld  as 
th e  on ly  re c o g n iz a b le  p ro d u c t.  A ssignm ent o f  th e  s t r u c tu r e  
was based  upon in f ra re d  and u l t r a v i o l e t  a b s o rp tio n  s p e c tro s ­
copy ( c f .  Table I I )  and e le m e n ta l a n a ly se s  o f th e  p u r i f i e d  
compound, m .p . 65—8? ° ,  and i t s  p i c r a t e  d e r iv a t iv e .
L I IL I
P ro longed  h e a tin g  o f L I  i n  p o ly p h o sp h o ric  a c id  
f a i l e d  to  cause rea rran g em en t to  th e  iso m eric  compound L I I ,  
a g a in  in d ic a t in g  th a t  t h i s  rea rran g em en t does n o t ta k e  p la c e  
in  a c id .
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The f a i l u r e  of XLVIII and L I to  undergo re a r ra n g e ­
ment t o  th e  iscaneric compounds XLIX and L II  may r e s u l t  from 
th e  s t e r i c  r e p u ls io n  in v o lv ed  i n  th e  fo rm a tio n  o f a seven— 
membered r i n g .  Though t h i s  i s  a r e l a t i v e l y  common explana­
t io n ,  i t  h a rd ly  seems ad eq u ate  to  e x p la in  th e se  r e s u l t s  
s in c e  n e i th e r  XLIX nor L I I  would ap p ear to  be u n reaso n ab ly  
s t r a in e d .
This s y n th e s is  of s p l ro — (cy c lo p en tan e—1 ,3 }—2®—phenyl—  
3 3 - in d o le ) (LV) i s  i l l u s t r a t e d  i n  F ig u re  V II. C yclopen ty l— 
phen y lk e to n e  (L I I I )  and p h en y Ih y d raz in e  w ith  a c a t a l y t i c  
amount of a c e t i c  a c id  were h e a ted  by a steam  b a th  to  g ive  
ey e lo p en ty lp h en y lk e to n e  pheny lhydrazone (LIV ). T his was no t 
c h a ra c te r iz e d  f u r th e r ,  b u t was h ea ted  in  g l a c i a l  a c e t i c  ac id  
to  c o n v e r t  i t  to  s p iro —(cy c lo p en tan e—1 , 3 pheny 1—3 3 -in d o le  
(LV). LV was c h a ra c te r iz e d  by in f r a r e d  and u l t r a v i o l e t  ab­
s o rp t io n  sp ec tro sco p y  ( c f .  Table I I )  and e le m e n ta l a n a ly s is .
o
LV on h e a t in g  b r i e f l y  in  p o ly p h o sp h o ric  ao id  a t  150 was con­
v e r te d  co m p le te ly  to  11—p h e n y lte tra h y d ro c a rb a z o le  (L V I).
LV LVI
The s t r u c tu r e  of LVI was a s s ig n ed  by com paring the  
u l t r a v i o l e t  a b s o rp tio n  spectrum  o f t h i s  m a te r ia l ,  m .p. 127°, 
to  th e  spectrum  of 2 ,3-dim e th y  L -3 -p h an y l-3 3 - in d o le  (XXXII) 
( c f .  T able I I )  and by e le m e n ta l a n a ly s i s .  The in f r a r e d  ab—
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s o rp t io n  spectrum  of LVI confirm ed  th e  assig n m en t of t h i s  
s t r u c t u r e .  S trong  a b s o rp tio n  a t  1580 cm*”2, was p r e s e n t  in  th e  
spectrum .
The Mechanism of th e  In te ro o n v e rs io n  o f T r l s u b s t i— 
tu te d —3 B -In d o le3 .«  The a c id ic  c o n d i tio n s  w hich cause  th e se  
rea rran g em en ts  r e q u ir e  th a t  th e  r e a c t iv e  sp e c ie  be th e  con­
ju g a te  ac id  o f th e  in d o le  o r 3Br*indol©. & c o n s id e r a t io n  of
th e  p o s s ib le  mechanisms by w hich t h i s  in te rc o n v e r s io n  could 
tak e  p la c e  le a d s  to  two p o s s i b i l i t i e s .  The developm ent of 
th e  p o s i t iv e  charge in  t h i s  s a l t ,  of c o u rse , would promote a 
tw ofo ld  Wagner—Meerwein ty p e  rearran g em en t as  i l l u s t r a t e d  in  
F ig u re  V III  (P a th  M) .
A more complex pathw ay In c lu d in g  the r in g —ch a in  
tau tom erism  as  i l l u s t r a t e d  in  F ig u re  IX (P a th  B) could  no t 
be igno red  because of s e v e ra l  re a s o n s . The u l t r a v i o l e t  ab­
s o rp t io n  spectrum  o f 3 ,3 —dim ethy l—2—phenyl—3B—in d o le  in  
s tro n g  ac id  could  be e x p la in e d  by assum ing th e  r in g  opening 
of th e  3 ^ - iu d o le  to  form th e  amino ketone (LX). In  f a c t ,  
some tim e was sp en t in v e s t ig a t in g  th i s  p o s s i b i l i t y ,  b u t a l l  
a tte m p ts  to  i s o l a t e  th e  amino ketone o r  a d e r iv a t iv e  of th e  
amino ketone f a i l e d .
Witkop^®"^® a ls o  su g g ested  th e  p o s s i b i l i t y  o f  a r in g  
opening mechanism b e in g  in v o lv ed  in  th e  rea rran g em en ts  he 
observed w ith  o x in d o les  and in d o x y ls  w hich have been m entioned 
p re v io u s ly .  He r e je c te d  t h i s  mechanism on th e  grounds th a t  
i t  was to o  complex and fav o re d  in s te a d  a tw ofo ld  W agner-
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Meerwein ty p e  rea rran g em en t. N eed less to  say , th e  b a s is  f o r  
r e j e c t i n g  th e  more e la b o ra te  mechanism i s  somewhat q u e s tio n ­
a b le  .
An example of the  r in g  opening o f an in d o le  o r  3H—
in d o le  to  form an amino k e tone  was re p o r te d  by van Tamelan 
52and H sa rs ta d  in  t h e i r  work on r e l a t i n g  th e  two a lk a lo id s  




These w orkers re p o r te d  th a t  2~ m ethy ltryp tophan  (L X III) , when 
warmed a t  50 f o r  a s h o r t  tim e w ith  two e q u iv a le n ts  of a lk a ­
l i n e  h y p o c h lo r i te ,  re a rra n g e d  to  a c e ty l  q u in o lin e  (LXIV) in  
ap p ro x im a te ly  20$ y i e l d .  The mechanism to  e x p la in  t h i s  t r a n s ­
fo rm a tio n  i s  shown in  F ig u re  X.
van Tamelan re g a rd s  th e  o v e r a l l  t r a n s fo rm a tio n  as 
ta k in g  p la c e  th rough  a minimum o f seven d i s c r e t e ,  co n sec u tiv e  
ch em ica l s te p s  In  one r e a c t io n  v e s s e l ,  th e  p r in c ip a l  s te p  of 
im p o rtan ce  to  t h i s  d is c u s s io n  b e in g  th e  opening o f th e  3 5 -  
ln d o le  to  an amino k e to n e . This i s  e s s e n t i a l  to  th e  exp la­
n a t io n  o f th e  re a rran g em en t. As m entioned p re v io u s ly ,  th e  
p re se n c e  o f in te rm e d ia te  d iam ines o r amino k e to n e s  in  th e  
F is c h e r  s y n th e s is  o f  in d o le s  and 3 5 - in d o le s  h as  been  observed 
o r  p o s tu la te d  many tim e s . In  f a c t ,  th e  p re se n c e  o f an  amino
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ketone o r diam ine as an in te rm e d ia te  in  th e  co n v e rs io n  of 
pheny lhydrazones to  in d o le  compounds i s  an e s s e n t i a l  s te p  in  
th e  Robinson mechanism and one w hich has been w e ll  p roven .
In  view of a l l  th e s e  f a c t s ,  the  p o s s i b i l i t y  o f ring- 
opening o f the  3 3 - in d o le s  XXXI and XXXII to  th e  amino ketones 
in  s tro n g  ac id  a t  h ig h  te m p e ra tu re  canno t be r e je c te d  and i t  
would seem th a t  to  r e j e c t  th e  r in g —c h a in  tau tom erism  mecha­
nism (p a th  B) on the  b a s i s  o f i t s  com plex ity  would be q u ite  
d a n g e ro u s .
A s tudy  was th e r e f o r e  made to  determ ine  w hich of the  
two mechanisms was a c tu a l ly  in  e f f e c t  in  the  in te rc o n v e rs io n  
of t r i s u b s t i t u t e d  3H—in d o le s .
The most obvious d i f f e r e n c e  betw een p a th  A and p a th  
B i s  t h a t  In  p a th  $ th e  in d o le  n u c leu s rem ains i n t a c t  and 
th e  exchange of s u b s t i tu e n t s  on the  n u c le u s  ta k e s  p la c e  w ith ­
o u t a l t e r i n g  the r e l a t i v e  p o s i t io n s  of th e  r in g  atom s. In  
p a th  B, however, the  p y r ro le  p a r t  of th e  in d o le  s k e le to n  opens 
and an  exchange of th e  r in g  carbon  atoms ta k e s  p la c e  in  th e  
co u rse  o f th e  re a rran g em en t. What was once ca rb o n  atom 2 in  
th e  s t a r t i n g  3 3 - in d o le  becomes carbon  atom 3 in  th e  rea rran g e d  
p ro d u c t and what was once ca rb o n  atom 3 in  th e  s t a r t i n g  3B- 
in d o le  becomes carbon  atom 2 in  th e  re a rra n g e d  p ro d u c t. Ca2>- 
bon atom s 2 and 3 a re  re v e rs e d  in  going  from  one 3& -lndole 
to  th e  o th e r .
I t  would seem t h a t  th e  most co n v en ien t and m ost con­
c lu s iv e  method o f d i s t in g u is h in g  betw een p a th s  A and B would 
be to  s y n th e s iz e  a 3S—in d o le  w ith  one of th e  r in g  ca rbon  atoms
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la b e le d ,  cause t h i s  to  re a r ra n g e  to  th e  iso m eric  3|b»indole 
and determ ine  th e  p o s i t io n  of th e  la b e le d  carb o n  atom. This 
was accom plished u s in g  carbon-lij. l a b e l in g .  T his sy n th e s is  
and the  r e s u l t s  of t h i s  experim ent a re  summarized in  F ig u re  X I.
1—G1^—p h e n y la c e to n i t r i l e  (LXV) was p rep ared  from 
ca rb o n —ll*. la b e le d  sodium cyan ide and b en zy l c h lo r id e .  The 
n i t r i l e  was h yd ro ly sed  to  p h e n y la c e tic  a c id  (LXVI) which was 
t r e a te d  w ith  m ethyl l i th iu m  to  form the pheny l—2—propanone 
(LXVII) .  The m ethyla t i o n  o f LXVII to  3—phenyl—2-bu tanone , th e  
c a rb o n y l carbon o f w hich  i s  la b e le d  (LXVIII) was accom plished 
w ith  sodium hydroxide and m ethyl io d id e . T re a tin g  LXVIII w ith  
p h en y lh y d raz in e  produced th e  phenylhydrazone (LXIX) w hich was 
c o n v e rte d  to  2,3—d iem th y  1—3—phenyl—3B»ind o le  (LXX), la b e le d  
w ith  carbon—li+ a t  th e  2 p o s i t io n  of th e  r in g .  The e q u i l i ­
b r a t io n  o f LXX to  th e  iso m eric  3H—in d o le  (LXXI) was accom—
n
p l is h e d  w ith  p o ly p h o sp h o ric  ac id  a t  150 . LXXI was is o la te d  
from  th e  e q u ilib r iu m  m ix tu re  v ia  column chrom atography . The 
p u r i t y  of LXXI was a s su re d  by rep ea ted  s e p a r a t io n  by column 
chrom atography , th a n  fo rm a tio n  and r e o r y s t a l l i z a t i o n  o f th e  
p i c r a t e  o f  LXXI and r e c o n v e r t in g  th e  p i c r a t e  to  th e  base on 
a lu m in a . No t r a c e  of LXX oould be d e te c te d  in  th e  sample of 
LXXI i s o l a t e d  and p u r i f i e d  in  t h i s  m anner. 3 ,3 —Dime t t y  1-2— 
ph en y l—3>C’14—3B~indole (LXXI) was o x id iz e d  w ith  g l a c i a l  a c e t ic  
and hydrogen  p e ro x id e  to  remove the  2 -p h en y l s u b s t i tu e n t  and 
r in g  ca rb o n  atom 2 in  th e  form o f ben zo ic  a c id  (LXXXII).
A ll of th e  C3,4 p r e s e n t  in  LXXI was found to  be 
p r e s e n t  a t  p o s i t io n  2 in  th e  m o lecu le . The a s say s  o f th e
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S y n th e s is  and Rearrangement of
2 ,3—Dime t h y l —3—Phenyl—2C1 3H—Ind o le




















G O - 0H 3
LXXI I LXXI
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
la b e le d  compounds were perform ed by New England N uclear C orp. 
by l iq u id  s c i n t i l l a t i o n .  The a o t iv i t y  o f  th e  la b e le d  com­
pounds p rep a red  a re  summarized in  Table I I I .
These d ata  prove th a t  th e  rea rran g em en t of d im eth y l— 
p heny l—3H—in d o le s  ta k e s  p la c e  by way o f a c lo se d  r in g  i n t e r ­
m ed ia te  v ia  a double 1 ,2  s h i f t  o f th e  W agner-M eerwein ty p e .
A lthough th e se  ex p erim en ts  were n o t  perform ed on th e  
m e th io d id e s  of the 3 3 - in d o le s ,  i t  would seem m ost rea so n ab le  
to  assume th a t  the  rea rran g em en t of th e  m e th io d id es  ta k e s  
p la c e  in  an analogous m anner. In  f a c t ,  i t  would n o t seem 
u n reaso n ab le  to  assume t h a t  a l l  o f th e  a c id  c a ta ly s e d  re ­
arran g em en ts o f in d o le s ,  in d o x y ls , o x in d o le s , 2—u n s u b s t i tu te d — 
3 3 - in d o le s ,  and th e  rea rran g em en ts  of t r i s u b s t i t u t e d  3H— 
in d o le s  re p o r te d  in  t h i s  work and e lsew h ere  ta k e  p la c e  in  an 
ana logous manner. The s i m i l a r i t y  of th e  r e a c t io n  c o n d itio n s -  
re q u ire d  in  a l l  c a se s  and th e  f a c t  th a t  a l l  o f th e se  compounds 
seem to  behave as a fa m ily  in  most a re a s  and n o t as in d iv id u a l  
c l a s s e s  su p p o rt t h i s  assu m p tio n .
A dm itted ly  t h i s  i s  a v e ry  g e n e ra l and a l l - i n c l u s i v e  
s ta te m e n t and c o n s id e r in g  th e  c a se s  in  w hich r in g  opening 
has been  shown to  o cc u r, t h i s  could  v ery  w e ll  be open to  some 
q u e s t io n  w ith  c e r t a in  o f  th e se  r e a c t io n s .  In  any e v e n t, t h i s  
work h as  fu rn is h e d  a co n v e n ien t and most c o n c lu s iv e  method 
w hereby one can  q u i te  e a s i l y  t e s t  th e  n a tu re  o f  in d o le  r e ­
a rran g em en t.
The ap p a re n t thermodynamic s t a b i l i t y  o f 2 ,3 -d im e th y l— 
3 -p h en y l—3 ^ -in d o le  (XXXII) in  s t ro n g ly  a c id  medium may be












TiBLE I I I
R adioassay  R eport
Sample
Number
A liq u o t
Counted
N et CPM 
A liq u o t
T o ta l Counts 
C o lleo ted
€5
B ff .
S p e c if ic  A o t iv i ty  
C**
LXVIII 0 .1 0 0  ml 1760 9051
8781*.
5 0 .8 # 0.0156  uc/m l
(2 .3 8  uo/in)
LXX 1*.6.6 mg 258 1M>5
llp .0
l*.6.1f# 0 .00538 uo /g
(1 .2 8  uo/m)
LXXI 23 .7  mg 125 739
755
i* .i.i# 0.00579 u c /g
(1 .1 8  uc/m)
LXXI I 12 .7  mg 150 902
824-1
5 6 .If# 0.0091*- u c /g
(1 .1 5  uc/m)
E f f ic ie n c y  c a lc u la te d  from  in c re a se d  coun ted  rat©  observed  when a s ta n d a rd  amount o f 
to lu e n e —C1 * was added to  eaoh sam ple.
Sam ples coun ted  in  to lu e n e  l iq u id  s o i n t i l l a t i o n  system . Normal e f f ic ie n c y  w ith  no 
q u en ch in g , 57#1$ . Background = 21*. cpm.
2 x  5*00 Min. co u n ts  on each  sam ple.
-P-vD
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r e la te d  to  th e  p o s s i b i l i t y  th a t  t h i s  compound can e x i s t  as a 
non—b a s ic  tau tom er such a s  XXXIIa ( c f .  F ig u re  V I I I ) .  This 
3H—in d o le  (XXXII) a ls o  has th e  unique p o s s i b i l i t y  of form ing 
a b rid g e d  carbonium  io n  a s  i l l u s t r a t e d  below . I f  t h i s  c a r -  
bon i urn io n  o o lla p se s , th e  e a s i e s t  p ro d u c t to  form  would be th e
2 ,3 —d im eth y l—3—phenyl—3H—in d o le  (XXXII) .
pheny l—3H—In d o le  (XXXII) n e a t ,  showed a b s o rp tio n  a t  3^00 cm” 2, 
c h a r a c t e r i s t i c  of NH s t r e to h in g  v ib r a t io n  and s tro n g  absorp­
t io n  a t  3050 cnT'1 c h a r a c t e r i s t i c  of v in y l  CH s t r e t c h in g  v i­
b r a t io n ,  w h ile  in  s o lu t io n  in  carbon  t e t r a c h lo r id e  t h i s  3 3 - 
in d o le  shows l i t t l e  o r no a b s o rp tio n  in  th e s e  r e g io n s .  On 
t h i s  b a s is  i t  seems re a so n a b le  t h a t  such a tau tom erism  e x i s t s .  
A lthough in  s o lu t io n  i t  appeared  th a t  l i t t l e  o r none o f th e  
e x o c y c lic  double bond tau to m er e x i s te d ,  th e  p ro to n  m agnetic 
reso n an ce  spectrum  o f t h i s  3S—in d o le  was determ ined  in  an 
a tte m p t to  d e te c t  th e  p re se n ce  o f such  a ta u to m e r. The p ro to n  
m agnetic  resonance s p e c tra  o f th e  3& -lndole i s  d e sc r ib e d  in  
Table IV, and i t  w i l l  be n o ted  t h a t  th e re  i s  no a b s o rp tio n  
w hich can  be a t t r i b u te d  to  such  v in y l  hydrogen a s  would be 
co n ta in e d  in  th e  ex o c y c lic  tau to m er (XXXIIa). The p resen ce  o f 
th e  two d i f f e r e n t  m ethyl g roups i s  in d ic a te d  by th e  peaks a t
The in f r a re d  a b s o rp tio n  sp e c tra  o f  2 ,3“*dimethyl—3*='
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TiBLE IV
N u c le a r  M agnetic Resonance S p e c tra  o f 2 ,3 -D im eth y l—3—phenyl- 







LXXI I  la  
D-3 LXX IV 
D-Aj. LXXV
D-5 LXXVI
Frequency o f 
s o rp tio n 8
1 .5 9  
1 .67











F u n c tio n a l Group 
3-me th y l  
3-me th y l
3'-m ethyl
2—m ethyl
3-»me th y l
2—ma th y l
3-sae th y l
2-me th y l
3-m e th y l
3—m ethy l
2 -m ethy l
N -m ethyl
3 -m ethy l
















in  p .p .m .
b
These v a lu e s  were de term ined  from th e  in te g r a te d  in te n ­
s i t i e s  o f  th e  N.M.R. peaks u s in g  th e  in te g r a te d  in t e n s i t y  
o f  th e  arom atio  hydrogen a t  7 p .p .m . *  9 H *s.
d e te rm in ed  a t  th e  C a l i f o rn ia  I n s t i t u t e  o f  T echnology; a l l  
o f th e  o th e r  s p e c tra  were determ ined  a t  M assac h u se tts  
I n s t i t u t e  of Technology.
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1*59 p .p .m . and 1 .825 p .p .m . That th e  peak a t  1 .59  p .p .m . 
r e s u l t s  from th e  3 -m ethy l s u b s t i tu e n t  i s  in d ic a te d  by a com­
p a r is o n  w ith  th e  p ro to n  m agnetic resonance spectrum  o f 2— 
phenyl—3 , 3 ^ im ethyl«-3S-indole (XXXI) shown in  Table IV. The 
m ethyl a b s o rp tio n  peak in  t h i s  compound i s  a l s o  a t  1 .59  p .p .m . 
The a b s o rp tio n  due to  th e  2-meth.yi s u b s t i tu e n t  in  2,3*”<3imethyl<~ 
3™phenyl—3Hr’in d o le  e v id e n ta l ly  must be th e  maximum a t  1 .825 
p .p .m . and th i s  v a lu e  i s  in  good agreem ent w ith  th a t  p re d ic te d
r-J a
by Witkop f o r  a methyl group in  such a p o s i t i o n . '5 Lack of 
evidence f o r  the  ex o c y c lic  double bond tau tom er in  d i l u t e  
s o lu t io n s  in  non—p o la r  s o lv e n t s ,  however, does no t e l im in a te  
t h i s  p o s s i b i l i t y  f o r  an in te rm e d ia te  in  the  rearrangem en t in  
po lyphosphoric  a c id .
I t  would seem th a t  i f  th e  n o n -b asic  tau to m er XXXIIa 
d id  e x i s t  in  ac id  s o lu t io n ,  th e n  i t  would be expected  th a t  
th e re  would be a f a c i l e  exchange of th e  hydrogen atoms of th e
2-m ethyl s u b s t i tu e n t  of 2,3-*dim ethyl—3—pheny l—3H—in d o le  
(XXXII) f o r  deu terium  in  a c id .  I t  was shown t h a t  on a llo w in g  
an a c id i f i e d  s o lu t io n  o f XXXII in  deu terium  ox ide to  s tan d  a t  
room tem p era tu re  f o r  2If h r . ,  th e  com plete s u b s t i t u t i o n  of 
hydrogen by deu terium  to o k  p la c e  a t  th e  2 -m ethy l p o s i t io n  to  
g iv e  3-*n0thyl—2—tr id e u te r io m e th y l—3—phenyL-OH-indole (LX X III). 
That th e  com plete s u b s t i t u t i o n  o f hydrogen d id  ta k e  p la c e  to  
g iv e  LXXIII was shown by th e  in f r a re d  and NMR s p e c tr a  of 
LXXIII. The in f r a r e d  a b s o rp tio n  spectrum  of XXXII showed ab­
s o rp tio n  a t  830 cuf’1 of medium s t r e n g th .  T his a b s o rp tio n  
band was co m p le te ly  a b se n t in  th e  spectrum  o f LXXIII and a
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new band was p re s e n t  a t  810 om a ls o  o f medium in t e n s i t y .
The NMR spectrum  of LXXIII (Table IV) showed a b s o rp tio n  a t
1 .5 9  p .p .m . w hich has been  a t t r i b u t e d  to  th e  3 -m ethy l g roup . 
The m ethy l a b s o rp tio n  peak  a t  2 .0 5  p .p .m . w hich would r e s u l t  
from th e  2-m ethyl s u b s t i tu e n t  had a l l  b u t v an ish ed . The 
u l t r a v i o l e t  a b s o rp tio n  spectrum  o f LXXIII was i d e n t i c a l  w ith  
t h a t  of XXXII in d ic a t in g  t h a t  no r e a c t io n  o th e r  th a n  th e  sub­
s t i t u t i o n  o f hydrogen f o r  deu terium  had ta k e n  p la o e . The 
m e ltin g  p o in ts  of LXXIII and i t s  m eth iod ide d e r iv a t iv e  (LXXVI) 
were id e n t i c a l  w ith  th o se  o f XXXII and XXXIIM a g a in  showing 
th a t  no o th e r  r e a c t io n  had ta k e n  p la c e . The exchange o f th e  
d eu terium  atoms of LXXIII f o r  hydrogen d id  n o t ta k e  p la ce  
under n o n -a c id ic  c o n d itio n s  ( c f .  E x p e rim e n ta l) ,
3—Me th y  1—2-d eu teriom e th y  1—3“ pheny 1—33~ind o l e (LXXI 11) 
was su b je c te d  to  v a r io u s  rearran g em en t c o n d itio n s  to  d e te r ­
mine w hether o r n o t th e  d eu teriu m  would be d i s t r ib u t e d  e q u a lly  
th ro u g h o u t th e  rea rran g ed  3 S -'in d o le . A summary of th e se  
r e a c t io n s  i s  co n ta in ed  in  F ig u re  X II. In  each  case  th e  p ro ­
d u c ts  o f th e  r e a c t io n ,  and th e  p o s i t io n  o f  th e  d eu terium  was 
determ ined  by in f ra re d  and NMR a b s o rp tio n  sp e c tro sc o p y .
On a llo w in g  an e th e r  s o lu t io n  o f LXXIII and boror>- 
t r i f l u o r i d e  e th e r a te  to  s ta n d  a t  room te m p era tu re  f o r  s e v e ra l  
days, th e  s e p a ra t io n  o f th e  BF^ a d d i t io n  p ro d u c t LXXIIIa took  
p la o e . The NMR spectrum  o f LXXIIIa showed no a b s o rp tio n  which 
could  be a t t r i b u te d  to  a 2 -m ethy l s u b s t i tu e n t .  The 3-m ethyl 
group now absorbed a t  a f re q u e n c y  of 1 .95  p .p .m . w hich was a 
s u r p r i s in g ly  la rg e  chem ical s h i f t  c o n s id e r in g  th a t  th e  fo rm al
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p o s i t iv e  charge o f th e  EWB bond i s  2 atoms removed.
LXXIIIa was h y d ro ly sed  w ith  aqueous p o tassiu m  c a r ­
b o n a te  to  g iv e  a p ro d u c t w hich showed id e n t io a l  In f r a r e d  and 
UMR a b s o rp tio n  w ith  th a t  of LXXIII. Thus no s u b s t i t u t i o n  
o r  rea rran g em en t o ccu rred  in  th e  p r e p a ra t io n  o f LXXIIIa.
The p ro d u c t m ix tu re  o b ta in ed  by r e f lu x in g  a x y lene  
s o lu t io n  o f LXXIIIa f o r  2k h r .  was shown to  be a m ix tu re  of 
th e  3B ~Indoles, LXXIV and LXXV. The u l t r a v i o l e t  a b s o rp tio n  
spectrum  o f LXXIV was id e n t i c a l  w ith  t h a t  of XXXI. The in f r a ­
red  a b s o rp tio n  spectrum  o f  LXXIV was s ig n i f i c a n t ly  d i f f e r e n t  
from th a t  o f XXXI and was c o n s is te n t  w ith  th e  f a c t  t h a t  
deu terium  was p r e s e n t  in  th e  m o lecu le . The HMR spectrum  of 
LXXIV could  n o t be used to  c a lc u la te  th e  amount o f deu terium  
p re s e n t  In  th e  >»methyl s u b s t i tu e n t s  due to  th e  im p u rity  of 
th e  sam ple.
The u l t r a v i o l e t  a b s o rp t io n  spectrum  of LXXV was id e n ­
t i c a l  w ith  t h a t  of XXXII. The in f r a r e d  a b s o rp tio n  spectrum  
o f LXXV showed a b s o rp tio n  a t  b o th  830 cm"’1 and 810 cnf"1 , b o th  
o f  l e s s  i n t e n s i t y  th an  t h a t  observed  in  th e  s p e c tra  o f XXXI 
and LXXIII. T his In d ic a te d  t h a t  th e  2—d eu te r io ra e th y l group 
o f LXXIII had been  d i s t r ib u t e d  betw een th e  2— and 3—p o s i t io n s  
o f th e  3 H -in d o le . The NMR spectrum  of LXXV showed a b s o rp tio n  
a t  f re q u e n c ie s  o f I .63  p .p .m . and 2 .1 0  p .p .m .,  th e  i n t e n s i t i e s  
o f which co rresponded  to  2 h y d ro g en s. T his shows t h a t  a lth o u g h  
some lo s s  of deu terium  had ocou rred  in  th e  rea rran g em en t of 
LXXIIIa, th e re  was s t i l l  a s i g n i f i c a n t  amount of deu terium  
p re s e n t  in  LXXV and th a t  t h i s  was d i s t r ib u t e d  e q u a lly  betw een
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th e  2— and 3-013th y l  g ro u p s.
A llow ing an e th e r  s o lu t io n  o f LXXIII and m ethyl io ­
d ide  to  s tan d  a t  room te m p era tu re  f o r  s e v e ra l  days caused 
th e  s e p a ra t io n  of l,3 -»d im ethy l—2—tr id e u te r io m e th y  1—3—phenyl—  
3& -indolenium  io d id e  (LXXVI). The NMR spectrum  o f LXXV I  
showed a b s o rp tio n  a t  a freq u en cy  o f 1^.20 p .p .m . w hich can be 
a t t r i b u t e d  to  th e  N—m ethyl group and a t  2 .0 ij. p .p .m .,  w hich 
was due to  th e  3 -m ethy l g roup . Again a r a th e r  la rg e  chem ical 
s h i f t  of th e  freq u en cy  o f a b s o rp tio n  o f th e  3-^iQthyl s u b s t i ­
tu e n t  to o k  p la c e  upon q u a te rn iz in g  th e  n i t r o g e n  o f LXXIII.
The s i m i l a r i t y  of th e  s h i f t  observed upon making th e  BF^ ad— 
d u c t o f  LXXIII and upon making th e  m eth iod ide  sup p o rted  th e  
b e l i e f  t h a t  th e  e le c t r o n ic  environm ent o f th e  n i t r o g e n  atom 
in  b o th  compounds i s  ap p ro x im a te ly  th e  same.
No rea rran g em en t of LXXVI was observed upon h e a tin g  
a m ethanol s o lu t io n  of LXXVI a t  150° f o r  ij. h r .  The NMR and 
In f r a r e d  a b s o rp tio n  of th e  m a te r ia l  I s o la t e d  from  t h i s  
p ro c e s s  was i d e n t i c a l  in  a i l  r e s p e c ts  w ith  th e  s t a r t i n g  m a te r i­
a l  LXXVI. Thus I t  ap p ears  t h a t  th e  rea rran g em en t o f th e  m eth­
io d id e s  I s  n o t an e q u ilib r iu m  p ro c e ss  under th e se  r e a c t io n  
c o n d i t io n s .
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An A ttam pted Study o f  th e  S te re o c h e m is try  o f  th e  
R earrangem ent of T r l s u b s t l tu te d —3_B-Indol93.~ T r i s u b s t i tu te d  
3H »indoles can  have an asym m etric carbon  atom a t  th e  3— 
p o s i t io n  o f th e  m o le c u le . To d e term in e  th e  s te re o c h e m ic a l 
i n t e g r i t y  of th e  rea rran g em en t o f t r i s u b s t i t u t e d  3 E -in d o la s , 
i t  would b© n e c e ssa ry  to  p re p a re  an o p t i c a l ly  a c t iv e  3 3 -  
in d o le ,  c o n v e rt t h i s  to  th e  Iso m eric  33-indol©  and determ ine 
th e  o p t io a l  p u r i ty  o f th e  p ro d u c t o f t h i s  re a rran g em en t.
T his would seem to  b® a p a r t i c u l a r l y  i n t e r e s t i n g  s tu d y  sine© 
i t  m igh t a l s o  b® p o s s ib le  to  d e te rm in e  th e  a b s o lu te  con» 
f i g u r a t i o n  of b o th  3J§-indol©s by com paring th e  o p t i c a l  ro ta ­
to ry  d is p e r s io n  cu rv es  o f  th®s® compounds w ith  v a r io u s  a lk a ­
lo id s  o f known a b s o lu te  c o n f ig u r a t io n .
F o r t h i s  re a s o n , 6 a-a ie th y l—5 ,6 —d ih y d ro -6 a—benzo L < 0 -  
c a rb a z o le  (LXXVIII) and th e  iso m eric  33—in d o le  l i b —m ethyl—
5 ,6 —d ih y d ro - l lb -b e n z o  Qc "| c a rb a z o le  (LXXX) were sy n th e s iz e d  
and a s tu d y  of th e  in te rc o n v e r s io n  o f th e se  3 3 - in d o le s  was 
made ( c f .  F ig u re  X I I I ) .
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FIGURE X III
The S y n th e s is  and In te rc o n v e ra io n  o f 
6a«M ethyl—5 , 6- ’D ihydro-6a—Benzo [_a ^ C a rb a z o le  and llb « M eth y l—










2-M ethyl—l~ te t r a lo n e  (LXXVII) was p re p a re d  in  55$ 
y ie ld  by th e  a lk y la t io n  of 1—te t r a lo n e  w ith  sodium hydroxide 
and m ethy l io d id e . The p ro d u c t m ix tu re  from t h i s  r e a c t io n  
co n ta in e d  u n reac ted  1—te t r a lo n e  and 2 , 3 -d im eth y l—1—te tr a lo n e  
w hich oould  n o t be se p a ra te d  from  th e  d e s ire d  p ro d u c t LXXVII 
by d i s t i l l a t i o n  because of th e  s im i l a r i t y  o f th e  b o i l in g  p o in ts  
o f th e s e  oompounds. The e n t i r e  k e to n ic  m ix tu re  was th e re fo re  
t r e a te d  w ith  p h en y lh y d raz in e  i n  a c e t io  a c id  to  c o n v e rt th e  
k e to n es  t o  th e  co rresp o n d in g  in d o le  d e r iv a t iv e s .  The b a s ic
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p ro d u c t (LXXVIII) was e a s i l y  s e p a ra te d  from  th e  in d o le s  by 
e x t r a c t in g  an e th e r  s o lu t io n s  of th e  p ro d u c t m ix tu re  w ith  
d i l u t e  h y d ro c h lo r ic  a c id .  6a-M ethy l-f> ,6 -d ihydro -6a—benzo £ a j  
c a rb a z o le  (LXXVIII) i s o l a t e d  in  t h i s  manner was f u r t h e r  p u r i ­
f ie d  by p re p a r in g  th e  p i c r a t e  (LXXVIIIP) In  e th a n o l and freez­
in g  th e  p i c r a t e  to  LXXVIII by p a s s in g  a ch lo ro fo rm  s o lu t io n  
o f LXXVIIIP th rough  a column o f b a s ic  a lum ina .
6 a~ ^eth y l—£, 6 -d ih y d ro —6a«benzo jja 'j  c a rb a z o le  (LXXVIII) 
o b ta in ed  In  t h i s  manner m e lted  a t  99 .5 —101.5° and gave c o r— 
r e c t  a n a ly t i c a l  v a lu e s  f o r  ca rb o n , hydrogen , and n i t ro g e n  w ith ­
o u t f u r t h e r  p u r i f i c a t i o n .  The u l t r a v i o l e t  spectrum  of LXXVIII 
_ He OH
( 1  max 2°3 » 2 3 5 ,21^,308 nyu ? lo g  £  mQX k .3 k ,  If..3k, 1^.26, 4 .3 0 ) 
was v e ry  s im i la r  to  th e  s p e o tra  of o th e r  2—p h en y l—3H-Ind o le  s 
p re p a re d  in  the  cou rse  o f t h i s  work ( c f .  Table I I ) ,  and con­
firm ed  th e  s t r u c tu r e  o f LXXVIII. The in f r a re d  spectrum  of 
LXXVIII was i n  good agreem ent w ith  t h i s  a s s ig n e d  s t r u c tu r e .
On h e a tin g  LXXVIII i n  p o ly p h o sp h o ric  a c id ,  no re ­
arrangem en t to  th e  Iso m eric  3 3 - in d o le  T.XXX appeared  to  ta k e  
p la c e .  T h is was in d ic a te d  by  th e  u l t r a v i o l e t  and In f r a re d  
a b s o rp tio n  sp e o tra  o f th e  m a te r ia l  i s o l a te d  from  t h i s  r e a c t io n
o
a s  w e ll  a s  th e  m e ltin g  p o in t  o f th e  m a te r ia l  (96—101 ) .
A ttem pts to  r e s o lv e  LXXVIII f a i l e d .  The d e r iv a t iv e s  
o f  LXXVIII w ith  6-10 cam phorsu lf o r ic  a c id  and m andellc  a d d  
were o b ta in e d  from anhydrous e th e r  and m ethano l a s  red  o i l s  
w hich oou ld  n o t be c r y s t a l l i z e d .
An e th e r  s o lu t io n  o f LXXVIII and ex o ess  m ethy l io d id e  
was p re p a re d  and allow ed to  s ta n d  a t  room te m p e ra tu re  f o r
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th r e e  w eeks. D uring t h i s  tim e the  e th e r e a l  s o lu t io n  tu rn ed  
b r ig h t  red  and th e  s e p a r a t io n  o f v i o l e t  c r y s t a l s  (p o s s ib ly  
io d in e  c r y s t a l s )  was o b se rv e d . This in d io a te s  t h a t  some 
r e a c t io n  was ta k in g  p la c e ,  p e rh ap s a ro m a tiz a t io n  o f th e  
b e n z o c a rb a z o le , b u t t h i s  was n o t s tu d ie d  f u r t h e r .  An e th e r  
s o lu t io n  o f LXXVIII and ex c ess  m ethyl io d id e  was h ea ted  on a 
steam  b a th  f o r  . 5  h r .  On c o o lin g  th e  s e p a r a t io n  o f a y e llo w  
c r y s t a l l i n e  m a te r ia l ,  ra .p . 20I4.—206°, to o k  p la c e .  The u l t r a ­
v i o l e t  a b s o rp tio n  spectrum  o f t h i s  m a te r ia l  3 2 0 ,2 i|8 ,
223; lo g  £  mas 4-29> i}-.17, ^ .3 0 )  i s  n o t i n  d isag reem en t w ith  
th e  a s s ig n e d  s t r u c tu r e  6a-m ethy l~ 5 ,6—d ih y d ro -6 a—b e n z o -[^ a ^  
c a rb a z o le  m eth iod ida  (LXXVHIM); how ever, a b s o rp tio n  a t  320 
m u  does ap p ear to  b® somewhat h ig h  f o r  t h i s  ty p e  of system . 
On adding  a sm a ll amount of g l a c i a l  a c e t i c  a c id  to
l-m e th y l-2 —te t r a lo n e  and p h en y lh y d ra z in e , a v ig o ro u s  ex o -
bth e rm ic  r e a c t io n  to o k  p la c e  to  g iv e  l lb -m e th y l—5 ,6 -d ih y d ro — 
11b—benzo  ca rb a z o le  (LXXX) a s  th e  on ly  i d e n t i f i a b l e  
m a te r i a l .  The p ro d u c t (LXXX) was p u r i f i e d  v ia  th e  p ic r a te
in  th e  m anner d e sc r ib e d  p re v io u s ly .  The u l t r a v i o l e t  ab so rp—
Me OH ^
t i o n  s p e c t r u m  o f  LXXX m ax 2 5 8 ;  l o g  ^  M I  i^ .1 7 )  c o n f i r m e d
th e  s t r u c t u r e  of t h i s  m a te r ia l  by com parison  w ith  th e  s p e c tra
a .  O btained  from Beacon Chem ical I n d u s t r i e s ,  I n c . ,  33 R ic h -  
d a le  Avenue, Cambridge lj.0, M a ssa c h u se tts .
b .  Beoause of th e  v ig o ro u s  r e a c t io n  en co u n te red ,m o re  c a u tio n  
sh ou ld  be ex e ro lse d  in  r e p e a t in g  t h i s  ex p erim en t t o  p re ­
v e n t th e  lo s s  and c h a r r in g  o f  th e  m a te r ia l  whioh was en­
co u n te re d  in  th e  p r e s e n t  in c id e n t .
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of th e  o th e r  3—phenyL»33«-in<3oles w hich had boon p rep a red  (o f .  
T able I I ) .  The I n f r a r e d  spectrum  showed c h a r a c t e r i s t i c  ab ­
s o r p t io n  a t  1590 cnT’3, and in  g e n e ra l confirm ed th e  assignm ent 
of t h i s  s t r u c tu r e .
The m eth iod ide  o f llb«m efchy l.^ ,6«d ihyd ro—llb -b e n z o  [__c3 
c a rb a z o le  (UCXXM) was p rep a red  in  e th e r  to  g iv e  a l i g h t  brown 
c r y s t a l l i n e  m a te r ia l ,  m .p . 209-212°, ( 9  278 ,223; lo g•' IqSa
f r a a x  ^ * 3 0 ) .
On t r e a t i n g  LXXX w ith  p o ly p h o sp h o ric  ac id  a t  150° f o r
3 h r .  a y e llo w  s am I—s o l id  m a te r ia l  was o b ta in ed  and was idea™ - 
t i f i e d  as  th e  rea rran g em en t p ro d u c t 6a®=mQthyl-5,6=»dihydro»6a->» 
benzo [__a^ ] c a rb a z o le  (XJCXVIII) by com parison of th e  In f r a r e d  
a b s o rp tio n  spectrum  o f t h i s  m a te r ia l  w ith  t h a t  o f a u th e n t ic  
LXXVIII. The u l t r a v i o l e t  a b s o rp tio n  spectrum  o f th e  p ro d u c t 
of th e  r e a e t io n  of LXXX w ith  p o ly p h o sp h o rie  a c id  ( Q  3°3> 
241 ,230 ; lo g  £  m x  4 .2 3 , 4«l£> 4«25) confirm ed  th e  i d e n t i t y  
o f t h i s  m a te r ia l .  The u l t r a v i o l e t  spectrum  o f th e  re a r ra n g e ­
ment p ro d u c t was w eaker th a n  th a t  of a u th e n t ic  LXXVIII, in d i ­
o a t in g  th e  p resen o e  o f some o th e r  m a te r ia l ,  p o s s ib ly  un­
re a rra n g e d  LXXX, in  th e  r e a c t io n  m ix tu re . T his o th e r  m a te r ia l ,  
how ever, acco u n ts  f o r  such  a sm all p e rc e n ta g e  of th e  r e a c t io n
i
p ro d u o t th a t  i t s  p re se n o e  oould on ly  be I n d ic a te d .  A ttem pts to  
i s o l a t e  a second p ro d u c t from  th e  r e a c t io n  m ix tu re  by column 
chrom atography f a i l e d .
A ttem pts to  r e s o lv e  LXXX w ith  d—10 camphor s u lfo n ic  
a c id  o r  m andelie a c id  f a i l e d .  The d e r iv a t iv e s  o f LXXX o b ta in ed  
from  th e s e  a c id s  were in  th e  form o f  v is c o u s  o i l s  w hich oould
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n o t be e y r s t a l l l z e d .  R e so lu tio n  o f the  d-10 cam phorsu lfon ie  
a c id  d e r iv a t iv e  of LXXX was a ttem p ted  by d is s o lv in g  th e  
d e r iv a t iv e  in  m ethanol and p r e c i p i t a t i n g  th e  s a l t  from  th e  
s o lu t io n  w ith  p e tro leu m  e t h e r .  T his was re p e a te d  numerous 
t im e s . H ea tin g  th e  s o lu t io n s  o f  th e  s a l t  was c a r e f u l ly  
av o id ed . The p ro d u c t w hich was o b ta in ed  upon n e u t r a l i z a t i o n  
o f t h i s  d e r iv a t iv e  was s u f f i c i e n t l y  co lo re d  so t h a t  no aoou- 
rat®  re a d in g  of th e  p o la r im e te r  could  be o b ta in e d , a t te m p ts  
to  d e c o lo r iz e  th e  m a te r ia l  f a i l e d .
A s o lu t io n  o f LXXX s u f f i c i e n t l y  d i l u t e  t o  o b ta in  
re a d in g s  o f th e  p o la r im e te r  was s t i l l  h ig h ly  c o lo re d  and th e  
observed  r o t a t i o n  which was o b ta in e d  was w ith in  th e  exper!?* 
m en ta l e r r o r  in tro d u ced  by th e s e  c o n d i t io n s .
The Rearrangements o f T r lsu b a titu te d—35-Ih d o le  
&uaternary Io d id es .— The rearrangements involved  in  the  
form ation o f tr is u b s t itu te d —3H -indole quaternary io d id es  from 
su b s titu te d  In doles have been d isou ssed  in  some d e t a i l .  The 
p o s s ib i l i t y  o f t h is  type o f rearrangement occurring by way o f  
a 3H—in d o le  in term ed iate has a ls o  been shown. In  view  of the  
s im ila r ity  o f the rearrangem ents o f  t r is u b s t itu te d —3B-ind o le  
quaternary io d id es  and 3B -in d o le  acid  s a l t s ,  i t  would seem 
reasonable to  assume th a t both rea o tio n s occur by way o f a 
s im ila r  mechanism, th a t i s ,  a double Wagnen-Meerwein type re­
arrangement. However, the p resen t work has shown th a t although  
the two rearrangements are q u ite  s im ila r , there are a few  
p o in ts  in  whioh there i s  a s ig n i f ic a n t  d if fe r e n c e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
63
The ease  w ith  w hich  2 ,3a-dIm ethy lW ^phenyl—3& -Indole 
(XXXII) i s  con v erted  to  3-sao tby l-2—tr id e u te r lQ ra e th y l—3—phenyl— 
3 H -in d o le  (LXXIII) in  a c id  in d io a te s  t h a t  th e  n o n -b asic  ta u — 
toraer (XXXIIa) make a s i g n i f i c a n t  c o n t r ib u t io n  to  the s t a b i l i t y  
w hich  XXXII has in  a c id  s o lu t io n .  The f a c t  th a t  tbs t r i d e u -  
te r io m e th y l  group i s  d i s t r ib u t e d  e q u a lly  betw een the  and 3‘~ 
p o s i t io n s  of the m olecu le  when LXXIII i s  t r e a te d  under re— 
arrangem en t c o n d it io n s  shows th a t  t h i s  rea rran g em en t i s  an 
e q u i l ib r iu m  r e a c t io n .
On su b je c tin g  3 ^ d h y l —2—tridQ uterioraethyL® >»phenyl— 
3B—In d o le  m eth iod ide (LXXVI) to  c o n d it io n s  under w hich the  re -­
arrangem en t of in d o len ln iu m  io d id e s  i s  known to  o ccu r, no such  
m ig ra t io n  of the  t r id e u te r io m e th y l  s u b s t i tu e n t  ta k e s  p la c e .
T his would in d ic a te  t h a t  th e  rea rran g em en t o f XXXIM to  XXXIIM 
i s  n o t  an  e q u ilib r iu m  p ro c e s s  and th a t  th e  fo rm a tio n  of XXXIIM 
ta k e s  p la o e  i r r e v e r s i b l y .
A Study o f th e  P re p a ra t io n  and S tereo iso m erism  o f 
iirv lh v d ra z o n e s .— The r e a c t io n  of isobu ty rophenone phenyl— 
hydra zone (XXX) w ith  p o ly p h o sp h o rlc  a c id  was shown to  produce 
th e  m ix tu re  of 3 jH in d o le s  XXXI and XXXII. The iso b u ty ro ­
phenone phenylhydrazone w hich  was used in  t h i s  r e a c t io n  was 
o b ta in e d  from th e  a c e t i c  a d d  c a ta ly se d  c o n d e n sa tio n  of is o — 
butyrophenone and p h e n y lh y d ra z in e . A lthough  t h i s  m a te r ia l  
was o f a n a ly t i c a l  p u r i t y  i t  cou ld  n o t be o b ta in e d  in  a c ry s­
t a l l i n e  form . S ince s ta n d a rd  r e f e r e n c e s ^  l i s t  th e  m e ltin g
o
p o in t  o f  isobu ty rophenone phenylhydrazone as  73 , i t  would 
seem t h a t  th e  p u r i ty  o f t h i s  s t a r t i n g  m a te r ia l  was somewhat
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q u e s t io n a b le .  In  o rd e r  to  c o n s id e r  s e r io u s ly  th e  fo rm a tio n  
of th e  two 3 3 - in d o le s  (XXXI) and (XXXII) from isobu tyrophenone 
pheny lh y d razo n e , th e  p u r i t y  of t h i s  compound had to  be a s su re d .
The i n i t i a l  r e a c t io n s  to  form XXXI from  is o b u ty ro ­
phenone phenylhydrazone gave a complex m ix tu re  of 1—a c e ty l— 
p h en y lh y d ra z id e , a c e t a n i l i d e ,  iso b u ty ro p h en o n e , XXXI and a 
sm a ll amount of h ig h ly  c o lo re d  m a te r ia l  presum ably  o b ta in ed  
from  th e  o x id a tio n  o r  decom position  o f p h eny lhyd ra2;in e . This 
m ix tu re  was se p a ra te d  by column chrom atography and th e  pro­
d u c ts  w ere id e n t i f i e d  by com parison w ith  a u th e n t ic  sam ples.
The a c e ty lp h a n y lh y d ra z id e  w hich was o b ta in ed  was formed by 
th e  r e a c t io n  of p h en y lh y d raz in e  and a c e t i c  a c id  d u rin g  the 
p r e p a r a t io n  o r a ttem p ted  p re p a ra t io n  o f  a l l  th e  phenylhydra— 
zones d e sc r ib e d  in  t h i s  w ork. The b y -p ro d u c t cou ld  be most 
e a s i ly  se p a ra te d  from  th e  d e s ire d  phenylhydrazone by d is ­
s o lv in g  th e  m ix tu re  in  a m inim al amount o f e th e r  o r  p e tro leum  
e t h e r  and co o lin g  th e  s o lu t io n ,  ^ o e ty lp h e n y lh y d raz id e  sepa­
r a te d  as  f l a t  p l a t e s ,  m .p . 127—128°, and cou ld  be e a s i ly  re ­
moved by f i l t r a t i o n .  I t  should  be m entioned th a t  th e  m e ltin g  
p o in ts  l i s t e d  f o r  th e  pheny lhydrazones o f many s t e r i c a l l y — 
h in d e re d  k e to n es a re  s u s p ic io u s ly  s im i la r  to  th e  m e ltin g  p o in t  
o f  a o e ty lp h e n y lh y d ra z id e , and the  v a l i d i t y  o f th e s e  d e r iv a ­
t i v e s  i s  somewhat q u e s t io n a b le .  Care shou ld  be tak en  when 
p re p a r in g  a phenylhydrazone to  avoid  t h i s  p o s s ib le  m is ta k e .
The o r ig in a l  re fe re n o e  to  isobu ty rophenone phenyl— 
hydrazone i s  by C lau s. ^  However, C laus l i s t e d  th e  m e ltin g  
p o in t  o f isobu tyrophenone phenylhydrazone as 128° and a ls o
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r e p o r te d  the  m e lt in g  p o in t s  of th e  pheny lhydra  z one s  of fo u r
o th e r  k e to n e s ,  s i m i l a r  i n  s t r u c t u r e  to  iso b u ty ro p h en o n e , as 
o
127—129 . I t  i s  a p p a re n t  t h a t  Claus had i s o l a t e d  a c e ty l— 
phen y lh y d raz id e  d u r in g  h i s  a t te m p ts  t o  p re p a re  th e s e  d e r iv a ­
t i v e s .  The only d e r i v a t i v e  of isobu ty rophenone  which Claus
or e p o r te d  as m e lt in g  a t  73 i s  isobu ty rophenone  oxime. The 
m e l t in g  p o in t  l i s t e d  f o r  isobu tyrophenone phenylhydrazone in  
the  s ta n d a rd  r e f e r e n c e s  i s ,  t h e r e f o r e ,  a p e r p e tu a t in g  e r r o r .
4 v e ry  pure  sample of isobu ty rophenone  pheny lhydra— 
zone was p rep a red  by re p e a te d  d i s t i l l a t i o n  under  reduced 
p r e s s u r e .  This m a te r i a l  could  be c r y s t a l l i s e d  from  p e t ro —
oleum e t h e r  and e t h e r  m ix tu re  a t  —70 to  g iv e  a w h ite  c ry s—
0t a l l i n e  s o l i d ,  m .p. 2 9 .5 —3 0 .0  , which was i d e n t i f i e d  as  I s o ­
butyrophenone phenylhydrazone by u l t r a v i o l e t  and in f r a r e d  
a b s o rp t io n  sp e c tro sc o p y . This m a te r i a l  l i q u i f i e d  im m edia te ly , 
i f  th e  tem pera tu re  of th e  m a te r i a l  was su dden ly  r a i s e d  to  20° . 
I f  th e  tem p era tu re  of the  m a te r i a l  was g r a d u a l ly  allow ed to
in c re a s e  to  room te m p e ra tu re ,  the  m a t e r i a l  would rem ain e ry s—
^ o
t a l l i n e .  On s ta n d in g  a t  room tem p era tu re  (20-25 ) the s o l i d
s lo w ly  l i q u i f i e d  over a p e r io d  o f  a week. The r e s u l t i n g  o i l ,
however, could  be r e s o l i d i f i e d  to  a o r y a t a l l i n e  s o l id  having
the  same m e lt in g  p o in t  as  b e fo re  l i q u e f a c t i o n .  These changes
in  p h y s io a 1 s t a t e  may r e p r e s e n t  the e q u i l i b r a t i o n  o f  th e  svn—
and a n t i —p h en y lh y d razo n es .
A com parison o f  th e  u l t r a v i o l e t  a b s o r p t io n  spectrum
of Isobutyrophenone phenylhydrazone 260, 272; log
£ max k»2kt  lj-2 0 ) w i th  th o se  of o th e r  pheny lhydrazones ( o f .
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Table V) su g g es ts  t h a t  th e  compound can n o t assume the  p la n a r  
co n fo rm atio n  re q u i r e d  f o r  maximum TT o r b i t a l  o v e r la p .  Thus 
th e  u l t r a v i o l e t  a b s o rp t io n  spectrum  o f  isobu ty rophenone 
phenylhydrazone resem bles  t h a t  of a s a tu r a t e d  aldehyde o r  
k e to n e  phenylhydrazone o r  an a rom atic  a ldehyde hydrazone.
T his  s u g g e s t io n  o f  s t e r i c  crowding f u r t h e r  le n d s  credence to  
th e  p o s s i b i l i t y  of s t o »  and a n t i —isom erism  be ing  p o s s ib le .
The u l t r a v i o l e t  a b s o rp t io n  spectrum  of is o b u ty ro — 
phenone phenylhydrazone (XXX) was determ ined  over  a wide 
tem p e ra tu re  range . At  —70° XXX showed a b s o rp t io n  a t  257,
261 and 261; mjx i n  the  form  of sh a rp ,  d i s c r e t e  peaks , a l l  of 
r e l a t i v e l y  eq u a l i n t e n s i t y .  The e x t i n c t i o n  c o e f f i c i e n t  of 
XXX had r i s e n  to  over  2 0 ,0 0 0 . Allowing the  s o lu t io n  to  warm 
to  room tem pera tu re  caused  a d ec re ase  o f  the  a b s o rp t io n  to  
ocou r u n t i l ,  a t  room te m p e ra tu re ,  th e  same spectrum  was ob­
se rved  a s  b e fo re  o o o l in g .  H eating  the  s o l u t i o n  o f  XXX caused 
a d e c re a se  i n  the i n t e n s i t y  of a b s o rp t io n .  This same e f f e c t  
was n o t ic e d  w ith  th e  pheny lhydrazones o f  acetophsnone and 
benzophenone. F u r th e r  i n v e s t i g a t i o n  o f  t h i s  phenomena may 
prove q u i t e  i n t e r e s t i n g .
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TABLE V
The U l t r a v i o l e t  A b so rp tio n  S p ec tra  of 
Some Hydrazones and Phenyldrazones
Compound s\ a/j max
isobu ty rophenone  phenylhydrazone 260,272
( C^H^Cass )
0H(CH3 )2
c6h 10 = M C 6H5 271A 13
CH3CH = MHC6H  ^ 269
C6H^CH s  MH2 273,267
CHj-CH = K-CH2C6H^ 279,3*1-8
ch3
C6H^ CH *  MHC6H3 302,3ty2
C6H5 y = NNHC6H5 323
ch3
? H3
06H5C = H-N-06Hs  293,352
OH3
log  f °0 C max
1^ . 2i|., 4 0 20
ij..2 , 1 . 8  
k>3
1 .^1 , 2 .8
1}..0 ,ij.o3 
k-3
3 .6  , 3 . 7
a.  i n  mp.
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EXPERIMENTAL
3—Phenyl—2—Butanone I n i t i a l l y  3—phenyl—2«buta non©
55was p re p a re d  fo l lo w in g  th e  p rocedu re  of Schultzs. A nalys is  
o f  th e  p ro d u o t o b ta in ed  by t h i s  p rocedure  by gas phase chroma*® 
to g rap h y  showed i t  to  c o n s i s t  of 65$  3—phony 1- 2—butanone and 
35$ u n re ac ted  p h e n y la c e to n e . The two k e to n es  cou ld  not b© 
s e p a ra te d  by f r a c t i o n a l  d i s t i l l a t i o n  due to  the  s i m i l a r i t y  of 
the  b o i l i n g  p o in ts  of th e se  compounds.
I t  was found, however, t h a t  a s l i g h t  v a r i a t i o n  in  the  
55p ro ced u re  of Schu ltz*^  gave a p roduot t h a t  was com plete ly  
f r e e  o f  p h en y lao e to n e . The r e l a t i v e  amounts of r e a g e n ts  used 
were 51 g» of sodium h y d ro x id e , lljlj. g . p h en y lace to n e  and 210 g .  
of m ethy l io d id e .  The r e a o t io n  was run  in  a com ple te ly  o losed  
system  and ca re  was ta k e n  to  sxolude a l l  a i r  and w a te r  vapor 
from th e  system . A f te r  a d d i t i o n  o f  the m ethyl io d id e ,  the  
f l a s k  was h ea ted  on a steam b a th  f o r  te n  hours  and th en  hydro­
ly se d  .
3-Methyl^»3—phenyl—2—butanone was found to  be an a d d i­
t i o n a l  p ro d u o t of t h i s  p ro ced u re  in  the amount of 10$ as 
an a ly se d  by gas phase chrom atography. The i d e n t i f i c a t i o n  of 
t h i s  m a t e r i a l  was based upon i t s  r e t e n t i o n  tim e (8 .2  m in .)  on 
a s i l i c o n e  oolumn a t  180°C. This m a te r i a l  a l s o  cou ld  n o t  bei
s e p a ra te d  from th e  d e s i re d  p ro d u c t ,  3~phenyl->2 ~butanone due 
t o  th e  s i m i l a r i t y  of th e  b o i l i n g  p o in t s  o f  th e s e  oompounds; 
however, t h i s  was of no consequence s in c e  t h i s  ketone cou ld  be
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e a s i l y  se p a ra te d  upon making the phenylhydrazone of 3—phenyl—
2—b u ta n o n e . The p re se n ce  o f  3-® ethyl—3—phenyl—2-bu tanone o r  
a d e r iv a t i v e  of t h i s  compound could n o t be d e te o te d  among the  
p ro d u c ts  ob ta ined  from any of the  l a t e r  r e a c t io n s  of the  3“=» 
pheny l—2—butanone p rep ared  by t h i s  m o d if ied  p ro c e d u re .
3-iPhenyl-2—Butanone P h e n y l h y d r a z o n e ( X X X I I I ) Mixing
1 0 .5  go of pheny lhydroz ine  and lij.,8  g .  of 3~phenyl«-*2~butanone
caused  an exotherm ic r e a c t i o n  w i th  th e  e v o lu t io n  of w a te r .
i f t e r  th e  i n i t i a l  r e a c t i o n  ceased , 50 m l. of benzene and a
c a t a l y t i c  amount of a c e t i c  ac id  were added, and benzene was
allow ed to  d i s t i l  from th e  r e a c t io n  m ix tu re ,  removing the
w a te r  by a z e o tro p ic  a c t i o n .  The f i n a l  t r a c e s  of benzene and
a c e t i c  a c id  were removed by h e a t in g  under reduced p r e s s u r e ,
and the  r e s id u e  c r y s t a l l i z e d  on c o o l in g  a t  5° o v e rn ig h t ,
g iv in g  a q u a n t i t a t i v e  y i e l d  of 3“ ,phe ny 1—2—b u t  a none phenyl—
o
hydrazone , m.p. 70—72 . R e o r y s t a l l i z a t i o n  from d i e th y l  e t h e r
o
gave an a n a l y t i c a l  sample of XXXIII, m .p. 73—7^ .
i n g l .  C alcd . f o r  C, 8 0 .6 7 ; H, 7 .5 6 .
Pound: C, 8o.ij.l; H, 7 -5 6 .
To a m ix tu re  of 1 0 .5  g. of p h en y lh y d raz in e  and II4..8 
g .  o f  3—pheny l-2 -bu tanone  In  a 50 m l. E rlenm eyer f l a s k  was 
added a o a t a l y t i c  amount o f  g l a c i a l  a c e t i c  a c id .  A f te r  the  
i n i t i a l  exotherm ic r e a c t i o n  had su b s id ed , th e  m ix tu re  was 
h e a te d  on a steam b a th  f o r  0 .5  h r s .  The w a te r  w hich s e p a ra te d  
was b ro u g h t in to  s o l u t i o n  by the  a d d i t i o n  o f  i so p ro p y l  a lc o h o l ,  
and on s ta n d in g  a t  0° o v e rn ig h t ,  the  r e a c t i o n  m ix tu re  d e p o s i te d  
19 .7  g . (83$) of 3-'Pheny 1—2—butanone phenylhydrazone (XXXIII),
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m .p. 68—71 . The in f r a r e d  a b s o rp t io n  speotrum  o f  t h i s  
m a t e r i a l  was i d e n t i c a l  w i th  t h a t  o f  3—ph® ny X—2—b u t  a none 
phenylhydrazone (XXXIII) p rep a red  by th e  p re v io u s  p ro ced u re .
Isobutyrophenone Phenylhydrazone ( X X X ) To a s o lu ­
t i o n  o f  1 0 .5  g . of ph en y lh y d raz in e  and 15»5 g . of i so b u ty ro — 
phenone i n  75 ml. of benzene was added a c a t a l y t i c  amount o f  
a c e t i c  a c id ,  and the  s o l u t i o n  was h ea ted  under r e f lu x  f o r  3 
h r s .  The benzene was th e n  allow ed to  d i s t i l  from the r e a c t i o n  
m ix tu re ,  removing the  w a te r  by a z e o t ro p ic  a c t i o n .  The f i n a l  
t r a c e s  of benzene and a c e t i c  ac id  were removed by h e a t in g  
under reduced p r e s s u r e .  In  t h i s  manner a q u a n t i t a t i v e  con­
v e r s io n  to  th e  phenylhydrazone was e f f e c t e d .  The iso b u ty ro —  
phenone phenylhydrazone was p a r t i a l l y  p u r i f i e d  by d i s t i l l a t i o n  
u n d er  reduced p r e s s u r e  and p u r i f i e d  by c r y s t a l l i z a t i o n  from 
p e tro leu m  e th e r  and e t h e r  m ix ture  a t  —70° t o  g iv e  a w h ite  s o l i d ,  
m .p . 2 9 o5°»30.0°. On s ta n d in g  a t  23° th e  s o l i d  s low ly  l i q u e f i e d  
over a p e r io d  of a week. The r e s u l t i n g  o i l ,  however, could  be 
r e s o l i d i f i e d  to  a c r y s t a l l i n e  s o l i d  h av ing  th e  same m e lt in g  
p o in t  as  b e fo re  l i q u e f a c t i o n .  These changes i n  p h y s ic a l  s t a t e  
may r e p r e s e n t  the  e q u i l i b r a t i o n  of the  svn— and a n t i —phenyl— 
h y d ra z o n e s .
A n a l. C alcd . f o r  C, 8 0 .6 7 ;  H, 7 .5 6 .
Pound: C, 80 .86; H, 7 .6 7 .
To a m ix tu re  o f  1 0 .5  g . o f  p h en y lh y d ra z in e  and 15 .5  g . 
o f isobu tyrophenone i n  a sm a ll f l a s k  was added a o a t a l y t i c  
amount of a c e t i c  a c i d .  The f l a s k  was h e a te d  on a steam b a th  
f o r  .5  h r .  and th e  s e p a r a t i o n  of w a te r  d r o p l e t s  was observed .
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The f l a s k  was th en  co o led , and th e  c o n te n ts  were poured in to  
150 m l. o f  e th y l  e t h e r .  Anhydrous p o ta ss iu m  c a rb o n a te  was 
added t o  d ry  the  s o l u t i o n .  The s o l u t i o n  was d ecan ted , and 
th e  s o lv e n t  was removed by d i s t i l l a t i o n  t o  g ive  a q u a n t i t a ­
t i v e  y ie ld  o f  th e  phenylhydrazone w hich was p a r t i a l l y  p u r i ­
f i e d  by d i s t i l l a t i o n  under reduced p r e s s u r e .  The in f r a r e d  
a b s o rp t io n  spectrum  of t h i s  m a t e r i a l  was i d e n t i c a l  to  t h a t  
of isobu tyrophenone phenylhydrazone (XXX) p rep ared  by the  
p re v io u s  p ro ced u re .
3 ,3-D im ethyl—2—phenyl—3 H i - l n d o l e ( X X X I ) A s o lu t io n
of 8 .2  g .  of isobu tyrophenone phenylhydrazone (XXX) i n  50 ml. 
o f  a c e t i c  a c id  was hea ted  under r e f l u x  f o r  I4. h r .  A f te r  coo l­
in g ,  th e  s o lu t io n  was d i lu t e d  w i th  w a te r ,  made b a s ic  w i th  
p o ta ss iu m  c a rb o n a te ,  and e x t r a c te d  two tim es w i th  e t h e r .  The 
e t h e r  e x t r a c t s  were d r ie d  over po tass ium  c a rb o n a te ,  and the  
s o lv e n t  was removed by d i s t i l l a t i o n .  The re s id u e  was d is ­
t i l l e d  under reduced p r e s s u re  g iv in g  5 .0  g . (66$) o f  3 ^3~  
d im ethy l—2—phenyl-3H -ind  o le  (XXXI), b .p .  Ilf0- l l f 6° a t  1 .5  mm., 
152—156° a t  If mm., n^a 1 . 6281 .
■Anal. C alod . f o r  C, 8 6 . 8if; H, 6 . 83 .
Pound: C, 86 .52 ; H, 6 .7 1 .
Hvdrobromlde o f  3 . 3-Dime th v l - 2 - p h e n v l-^ B -in d  o le  (XjEXI) . -  
D is s o lu t io n  o f  1 .3  g .  of 3 ,3—dim ethy l—2—phenyl—3BM.nd'\ie (XXXI) 
i n  25 m l. of If8# hydrobromic a c id  produoed a b r i g h t  g re e n  so lu ­
t i o n  which d e p o s i te d  w h ite  c r y s t a l s  of a lo w -m elt in g  s o l i d ,  
m .p . 60—90°. A ttem pts to  p u r i f y  t h i s  s o l i d  o r  de te rm ine  i t s
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u l t r a v i o l e t  or in f r a r e d  s p e c t r a  co n v e rted  i t  t o  th e  h y d ro -
bromide of 3 , 3—d irae th y l—2—phanyl—3B~ind o le  (XXXIB). Thus the
lo w -m e lt in g  s o l id  r e a d i l y  d is s o lv e d  i n  w a te r  b u t  im m edia te ly
o
p r e c i p i t a t e d  as XXXIB, m .p. 213—215 . The u l t r a v i o l e t  ab­
s o r p t io n  spectrum  of th e  low -m elting  s o l i d  o r  the  s o lu t i o n  
from w hich i t  came showed an a b s o rp t io n  maximum a t  332 mu 
w hich s h i f t e d  to  s h o r t e r  w aveleng ths on d i l u t i o n .  A t o t a l  of 
1 .6 9  go of XXXIB, m.p. 209—211°, was o b ta in e d  from t h i s  
r e a c t i o n .
A n a l. Calcd. f o r  C ^ R ^ B rN : C, 63 .58 ; H, 5 .3 ^ .
Pound: C, 63 .85 ; H, 5 .6 3 .
The m ethiodide of 3 , 3—dimethy 1—2—pheny 1—33®in d o le  
(XXXI) was p rep ared  in  e t h e r  a t  room te m p e ra tu re  to  g ive  1 ,3 ,  
3® 'trim ethylo-2-phenylindolenium  io d id e  (XXXIM), m .p. 167—188° 
d ec . ( ^  ^ ® 0H 221 and 298 mu , l o g £  max 4 .3 0  and lj.,00 ) .
This m e l t in g  p o in t  i s  i n  c o n t r a s t  to  t h a t  r e p o r te d  by L e u c h s ^ ,  
m .p . 203°, f o r  th e  d e r iv a t i v e  p repared  a t  100° . The d e r iv a ­
t i v e  p rep a red  by Leuchs may have been con tam ina ted  w i th  1 , 2 ,
3—t r im e th y l—3— phenylindo len ium  io d id e  (XXXIIM).
A nal. C alcd . f o r  C, 5 6 .2 1 ;  H, I4. . 99.
Pound: C, 56 .1 7 ; H, 5 .2 3 .
2 ,3-D lm ethyl—3—p h en y l-3 B -ln d o le  (XXXII).— A s o lu t io n  
o f I*.. 0 g .  of 3—phe ny 1—2—b u t  a no ne pheny lhydrazone (XXXIII) in  
25 m l. of a c e t i c  ao id  was allow ed to  s ta n d  12 h r .  a t  room tem­
p e r a tu r e  and was hea ted  under r e f lu x  f o r  3 h r .  The a c e t i c  
ao id  was removed under reduoed p r e s s u r e ,  and the  o i l  was added 
to  th e  w a te r  and n e u t r a l i z e d  w ith  b a s e .  The aqueous l a y e r  was
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e x t r a c t e d  w ith  e t h e r ,  and th e  e th e r  s o l u t i o n  was e x t r a c te d  
w i th  d i l u t e  h y d ro c h lo r ic  a o id .  The a c id ic  e x t r a o t s  were 
n e u t r a l i z e d  w ith  sodium hydroxide and e x t r a c te d  w i th  e t h e r .  
Removal of the  e t h e r  gave 1 .97 g . (53$) o f  crude 2 ,3—dIm ethy l—
3—phenyl-»3B»»indole (XXXII) which was p u r i f i e d  in  80$ re c o v e ry  
by e l u t i o n  from a P I o r i s  i l  column x*ith benzene .
J n a l .  Calcd. f o r  C ^ E ^ N :  C, 86.81+; H, 6 .8 3 ; N, 6 .3 3 .
Pound2 C, 81+. 1+9, 81+.69, 81+.95, 81+.85; H, 6 .9 9 ,  7 .1 2 ,  7 .0 6 ,  
6.91+,* N, 6.1+0.
One sample of XXXII c r y s t a l l i z e d  on s ta n d in g  f o r  
s e v e r a l  m onths. The s o l id  was t r i t u r a t e d  w i th  pe tro leum  
e t h e r  t o  g ive an a n a l y t i c a l  sample of 2 , 3-* d im a th y l-^ p h e n y l— 
3H -indo le  (XXXII), m .p. 77 -78° .
i n a l . C alcd . f o r  C, 86.81+; H, 6 .8 3 ; N, 6 .3 3 .
Pounds C, 86 .9 7 5 H, 6 .8 0 ;  N, 6.01+.
The p i c r a t e  o f  XXXII, m.p. 170—171°, was p rep a red  In  
e th a n o l  to  g ive  a d e r i v a t i v e  i d e n t i c a l  t o  t h a t  from th e  p o ly -  
p h o sp h o ric  ac id  rea rran g em en t o f  isobu ty rophenone  phenylhydra— 
zone (XXX) (v ide i n f r a ) .
The m eth iod ide  of XXXII was p rep a red  i n  e t h e r  and r e -  
c r y s t a l l i z e d  from e t  ha no 1 - e th e r  to  g ive  XXXIIM, m .p. 220-221° 
dec . ( A max 220 , 275 m u ;  log  ^  xnax 3 .7 9 ,  1+.35.
I n a l . C alcd . f o r  C i ^ g l N :  G, 5 6 .2 1 ;  H, 1+.99.
Pound: C, 55-72; H, 5 .0 8 .
R eac tio n  o f  Isobutyrophenone Phanvlhvdrazone (XXX) w i th  
P o lyphosphorio  A cid .— A m ix tu re  o f  11+.2 g . o f  I so b u ty ro ­
phenone and 10 .8  g .  of p h en y lh y d raz in e  ( o r  an  e q u iv a le n t  q u an -
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t i t y  of th e  preformed phenylhydrazone (XXX) I n  30 g . of po ly— 
phosphoric  a c id  was s t i r r e d  and cooled u n t i l  th e  i n i t i a l  ex­
otherm ic r e a c t i o n  su b s id e d .  The m ix ture  was th e n  h ea ted  in  
an o i l  b a th  a t  150° f o r  10 min. i f t e r  c o o l in g ,  the semi—s o l id  
mass was d is s o lv e d  i n  w a te r  and n e u t r a l i z e d  w i th  sodium b i ­
c a rb o n a te .  The m ix tu re  was e x t r a c te d  w i th  e t h e r ,  and the  ex­
t r a c t s  ware d r ie d  over po tass ium  c a rb o n a te .  F r a c t io n a l  d i s ­
t i l l a t i o n  o f  the  e x t r a c t s  gave , a f t e r  th e  s o lv e n t  f r a c t i o n ,
. o
4..7 g . of recovered  ketone  and p h en y lh y d ra z in e , b .p .  120 a t
1 mm., and 1 1 . ij. g . (50$) o f  a m ix tu re  of 3 5 - in d o le s ,  b .p .  120— 
150° a t  1 mm. The a n a ly s i s  of th e  m ix tu re  by  u l t r a v i o l e t  ab­
s o r p t io n  sp e c tro sc o p y  in d ic a te d  i t s  co m p o s it io n  to  be 57—62$
. 95$ C®H80H
3,3—<3imet hy 1—2—phenyl—3 S -in d o le  (XXXI) ( }  raax 227, 233,
2kk,  305 mu; log  £  I4.IO , 14-09, 3 .9 9 ,  14--15) and 38-43$w max .
f t  t j  ATT
2 ,3™<3 ime th y  1—3—phenyl—3B~indole (XXXII) ( A max * * 220,
259 m u ;  lo g  £  I4. 32 , 3 -8 0 ) .
A ttem pts to  S ep a ra te  th e  3H—in d o le s . — F r a c t io n a l  d i s ­
t i l l a t i o n  o f  the  m ix tu re  o f  3 5 - in d o le s  c o n c e n tr a te d  XXXII in  
th e  low er b o i l i n g  f r a c t i o n s  b u t  f a i l e d  t o  ac h ie v e  com plete 
s e p a r a t i o n .
The p io r a t e s  p re p a re d  from the  m ix tu re  o f  3 5 - in d o le s  
was s e p a ra te d  r e a d i l y  by r e c r y s t a l l i z a t i o n  from  e th a n o l .  2 , 3— 
d im eth y l—3—phenyl—3H -indole  p i c r a t e  (XXXIIP), m .p. 169—170°, 
c r y s t a l l i z e d  as the  f i r s t  c ro p .
C alcd . f o r  C22H28NJJO7 : C, 5 8 .6 6 ;  fi, 14.03.
Found: C, 5 8 .78 ; H, 3 -8 7 .
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The 2 ,3—dim ethy l—3-phenyl—3H~ in d o le  p i c r a t e  (XXXIIP) 
was co n v e rted  to  th e  base  by p a s s in g  a ch lo ro fo rm  s o lu t io n  of 
XXXIIP th rough  a column o f  F l o r i s i l  o r  b a s i c  a lum ina. The 
ch lo ro fo rm  s o lu t io n  o f  XXXII was c o n c e n t r a te d ,  and the r e s id u e  
was d i s t i l l e d  under reduced  p re s s u re  to  g iv e  an o i l ,  b .p .  133*~ 
135° a t  3 mm., i d e n t i c a l  i n  in f r a r e d  and u l t r a v i o l e t  absorp­
t i o n  s p e c t r a  and m e l t in g  p o in ts  of s a l t s  w i th  the 3H -indole 
from the  rearrangem ent o f  3oBphenyl—2—butanone phenylhydrazone 
(XXXIII).
From the m other l i q u o r s  from the c r y s t a l l i z a t i o n  of
XXXIIP was ob ta ined  3>3“<3imathyl—2—phenyl—3K~indole p i c r a t e
. 5 0
(XSXIP), m .p. 157-159°, l i t .  m .p. 152-153 , 158-160°.
T his  p i c r a t e  was i d e n t i c a l  w i th  the p i c r a t e  p repared  from 
XXXI formed by the  r e a c t i o n  of Isobutyrophenone phenylhydra—  
zone (XXX) and a c e t i c  a c id .
Rearrangement of 3 .3—Dimethyl—2-phenvL-3B- in d o le
(XXXI) w i th  PolTOhosphQrl&^tel-d^-  3 , 3-Dime th y  1-2-pheny1-3B - 
in d o le  ( I I )  (8 .15  g . )  was poured s low ly  w i t h  s t i r r i n g  in to  
25 g . o f  po lyphosphoric  a c id .  The m ix tu re  was s t i r r e d  u n t i l  
a uniform  c o n s is te n c y  was a t t a i n e d ,  and no a t te m p t was made 
t o  m odera te  the  exo therm ic  r e a c t i o n  which to o k  p la c e .  A f t e r  
th e  i n i t i a l  r e a c t io n  su b s id e d ,  the f l a s k  was p laced  in  a h o t 
a i r  b a th ,  and the b a th  tem p era tu re  was r a i s e d  to  150°. The 
r e a c t i o n  m ix tu re  was h e a ted  a t  t h i s  te m p e ra tu re  f o r  0.25* 0 .5 0 ,  
0 .7 5 ,  1 .0 ,  1 .5 ,  2 .3 ,  and 5 h r . ,  and w i th o u t  co o l in g  the  reac ­
t i o n  m ix tu re  was poured i n t o  250 m l. of c o ld  w a te r .  The s o lu ­
t i o n  was n e u t r a l i z e d  w i th  s o l id  po tass ium  c a rb o n a te ,  and the
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t a p - l i k e  m a te r ia l  w hich s e p a ra te d  was ta k e n  up in  e t h e r .  The 
e t h e r  s o lu t io n  was washed w i th  w a te r ,  d r ie d  over anhydrous 
po tass ium  c a rb o n a te ,  and c o n c e n tra te d  by d i s t i l l a t i o n .  J i l l  
v o l a t i l e  s o lv e n ts  were removed from th e  r e s id u e  by h e a t in g  
under reduced p r e s s u r e ,  and r e c o v e r ie s  o f  89—90$ of 3 S - in d o le s ,
XXXI and XXXII, were o b ta in ed  from t h i s  r e a c t i o n .  The com­
p o s i t i o n  o f  th e  m ix tu re  of 3H -indo les  was determ ined by u l t r a ­
v i o l e t  a b s o rp t io n  s p e c t r a l  a n a ly s i s  fo l lo w in g  th e  p rocedure
51
d e s c r ib e d  by Jak—Shalom, F i t z p a t r i c k  and O rch in . The com­
p o s i t i o n  of the  e q u i l ib r iu m  m ix tu re  approached the  l i m i t i n g  
v a lu e s  of ap p ro x im a te ly  70$ I I I  and 30$ I I  a t  3 h r s .  R eac tio n  
tim es as long  a s  5 h r .  d id  n o t  change th e  com position . The 
q u a n t i t a t i v e  d e te rm in a t io n  o f  th e se  m ix tu re s  was n o t a t tem p ted  
by i s o l a t i o n  s tu d i e s ;  however, th e  components were s e p a ra te d  
by chrom atography on F l o r i s i l  and i d e n t i f i e d  by in f r a r e d  and 
u l t r a v i o l e t  a b s o rp t io n  s p e c t r a  and p r e p a r a t i o n  of s o l id  d e r i ­
v a t i v e s .
The Rearrangement of 2 ,3 —Dimethyl—3—phenyl—3B -indo le
(XXXII) w ith  Po lvphosphorlc  A c id .— Samples of 1 .85  g .  o f
XXXII were t r e a t e d  w i th  po lyphosphoric  a c id  in  a manner s i m i l a r  
to  t h a t  d e sc r ib ed  f o r  th e  r e a c t i o n  o f  XXXI. The com position
o f  th e  p ro d u c t m ix tu re  from XXXII was found to  rem ain c o n s ta n t  
a f t e r  a r e a c t i o n  tim e of 2 h r .  The re c o v e ry  of the  3B -indo le  
m ix tu re  was abou t 90$, and the u l t r a v i o l e t  a b s o rp t io n  spectrum  
of t h i s  m ix tu re  was n e a r l y  su p e r im p o s ib le  on th e  spectrum  of 
th e  e q u i l ib r iu m  m ix tu re  from XXXI, g iv in g  a c a lc u l a te d  com­
p o s i t i o n  o f  70$ XXXII and 30$ XXXI.
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Rearrangement o f  3 ,  3~Dlmethyl—2—pheny l—3H—ln d o le
(XXXI) w i th  Lewis a c i d s . — To s o lu t io n s  o f  1 g . of XXXI i n
5 m l. of i o t r a l i n  was added 1 g . of anhydrous aluminum c h lo —»
r i d e ,  anhydrous f e r r i c  c h l o r id e ,  o r  anhydrous s in e  c h l o r id e .
The r e a c t i o n  m ix tu re s  were p laced  in  a h o t - a i r  b a th  and
oh e a te d  a t  a tem p era tu re  o f  150 f o r  2 h r .  The samples were 
th e n  removed and e x t r a c t e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id .
The a c id  e x t r a c t s  were n e u t r a l i z e d  w i th  p o ta ss iu m  ca rb o n a te  
and i n  each  case the t a r r y  m a te r i a l  w hich  se p a ra te d  was 
ta k e n  up in  e t h e r .  The e t h e r  s o lu t io n  was washed w ith  w a te r  
and d r ie d  over anhydrous po tassium  c a r b o n a te .  The e t h e r  was 
removed under reduced p r e s s u r e  and th e  o i l  t h a t  was o b ta in ed  
was ana lyzed  q u a l i t a t i v e l y  by I n f r a r e d  sp e c tro so o p y .  In  each  
ca se  p a r t i a l  rea rran g em en t to  I I I  was found to  have o ccu rred  
as ev idenced  by the  p re s e n c e  of a b s o rp t io n  bands a t  1585 cm.*“i  
and 1375 cm.”"1 .
Ro rea rrangem en t to o k  p lace  upon s i m i l a r  t r e a tm e n t  
w i th  p—n itro b e n z o ic  a c id  o r  w ith  p - to lu e n e s u l f o n ic  a c id .
Rearrangement of 3 >3—Dime th y  1—2—pheny l—3JH-ind o le  
(XXXI) w i th  Boron T r l f l u o r i d e .— The a d d i t i o n  of 1 g . of XXXI 
to  10 m l. of boron t r i f l u o r i d e  in  e t h y l  e t h e r  caused the  p re ­
c i p i t a t i o n  o f  th e  Lewis s a l t  which was c o l l e c t e d  by f i l t r a t i o n  
and added to  5 m l. o f  t e t r a l i n .  This m ix tu re  was p laced  i n  a 
h o t - a i r  b a th  and h e a te d  a t  150° f o r  2 h r .  The r e a c t i o n  was 
worked up as th e  o th e r  Lewis a c id  re a r ra n g e m e n ts  to  g ive  0 . 7 5  
g . ( 7 5 # )  of an o i l  w hich by I n f r a re d  s p e c tro so o p y  was shown
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to  c o n s i s t  of a m ix tu re  of XXXI and XXXII. No a t te m p t was 
made t o  s e p a ra te  the  m ix tu re .
Rearrangement of 1 .3 .  3—Trlme th v l—2—phenyh-indo len in lum
Io d id e  (XXXIM).— A s o l u t i o n  o f  0 .5  g .  of XXXIM was d is so lv e d
in  6 m l. of methanol and h ea ted  in  a s e a le d  tube a t  150° f o r
3k3 h r .  in  th e  manner d e s c r ib e d  by Nakazaki and co -w orkers .
The tube  was cooled and opened and th e  s o lv e n t  was removed 
from th e  red-brown s o l u t i o n .  E th e r  was added cau s in g  the  pre­
c i p i t a t i o n  of O.k g. of a v i c l e t  s o l i d ,  w hich was r e o r y s t a l —■ 
l i z e d  from e th a n o l—e t h e r  to  g ive  a l i g h t  brown s o l i d ,  m .p. 216— 
21o d ec . The in f r a r e d  and u l t r a v i o l e t  a b s o rp t io n  sp e c tra  
showed t h i s  compound to  be 1 ,2 ,3 —tr im e th y l—3""Phenylindoleninium 
io d id e  (XXXIIM). No t r a c e  o f  XXXIM was d e t e c t e d .
The Rearrangement of 3 , 3~Dlmethyl—2—phenyl—3H—in d o le  
(XXXI) w i th  Hvdrobromic A c id . -  A s o lu t i o n  of 1 g .  of XXXI in  
15 m l. of ij.8# hydrobromic a c id  was h e a te d  under r e f lu x  f o r  2 
h r .  A f te r  c o o l in g ,  th e  s o l u t i o n  was n e u t r a l i z e d  w ith  s o l id  
p o ta ss iu m  c a rb o n a te ,  and the  o i l  which s e p a ra te d  was ta k e n  up 
in  e t h e r .  The e t h e r  s o l u t i o n  was washed w i th  w a te r  and d r ie d  
over anhydrous po tass ium  c a rb o n a te .  Removal of th e  e t h e r  gave 
0 .67  g .  (67%) o f  an  o i l  which was shown to  c o n s i s t  of a mix­
tu r e  of XXXI and XXXII by in f r a r e d  a b s o rp t io n  sp ec tro so o p y .
No r e s o l u t i o n  o f  th e  m ix tu re  was a t te m p te d .
Reduotlon of 3 ,3 —D im ethyl-2—p h en y l-3 B -in d o le  (XXXI) 
w i th  Sodium B o rohvdrlde . — A s o lu t io n  of 1 .0  g .  o f  XXXI in  
10 m l. o f  m ethanol was t r e a t e d  w ith  an  ex cess  of sodium b o ro -
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h y d r id e  in  the  manner d esc r ib ed  above to  g ive 1 .6  g . o f  an 
o i l .  The in f r a re d  spectrum  of t h i s  o i l  was c o n s i s t e n t  w ith  
th e  s t r u c t u r e  2 , >-dime th y l—3—pheny 1 i n d o l i n a „ The p i c r a t e  was 
p re p a re d  in  0 .1  N h y d ro c h lo r ic  ac id  to  g iv e  a d e r i v a t i v e ,  m .p. 
169-171° dec.
A nal. C alcd . f o r  58.1+1,• H, 1+.1+5.
Poundr C, 58 .72 ; H, 1+.11+.
li^-Pvridvlnhenvl Ketone Methobromide (XLV) .— To a 
s o l u t i o n  of 3 g. of l+=»pyridylphenyl ketone in  15 ml. of 
ace to n e  was added 5 m l. of l iq u id  m ethyl brom ide, and the  
f l a s k  was stoppered t i g h t l y .  The p r e c i p i t a t e d  s a l t ,  3 .8  g .
(82%), was c o l le c te d  by f i l t r a t i o n .  R e c r y s t a l l i s a t i o n  from 
ao e to n e  and d ry ing  un d er  reduced p r e s s u re  gave i^-pyridy l— 
p h eny l ketone methobromide, m .p. I 67—I 680 , l i t .  m .p. 165— 
168» . 56
To a s o lu t io n  of 10.5 g .  of methylbromide in  ace to n e  
was added a s o lu t io n  of 15 g. o f  l+ -pyridy lpheny l ketone in  
a c e to n e .  The p r e c i p i t a t e d  s a l t ,  1 9 .0  g . (8 6 .5 $ ) ,  was c o l­
l e c t e d  by f i l t r a t i o n .  R e c r y s t a l l i z a t i o n  from acetone  gave 
i> -pyridy lphenyl ketone methobromide, m .p . 167—169°.
1—M eth v l- l i^ p ip e r id T lp h en y lca rb ln o l  ( X L V I ) The 
h y d ro g en a t io n  of 25 g .  of l+ -pyridylphenyl ketone methobromide 
i n  200 m l. of 95$ e th a n o l  over .185 g .  o f  p la tin u m  oxide 
c a t a l y s t  a t  room te m p era tu re  and 50 atm . o f hydrogen f o r  21+ 
h r .  gave a s o l id  a f t e r  removal of th e  c a t a l y s t  and evapora­
t i o n  o f  th e  s o lv e n t .  The s o l id  was d is s o lv e d  in  w a te r  and
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th e  s o lu t io n  was n e u t r a l i z e d  w ith  p o ta ss iu m  c a rb o n a te .  The
s o l i d  which s e p a ra te d  was c o l le c te d  to  g iv e  18 .0  g . (97 . 7$)
o f  1-methyl-Aj—p ip e r id y lp h e n y lc a r b in o l ,  m .p . 153s" ! 55° ,  l i t .
56 . 57
m .p. 153-156° , 157-159°.
The h y d ro g en a t io n  of 30 g .  of V -p y rid y lp h en y l ketone
methobromide in  150 m l. o f  w a te r  under c o n d i t io n s  s im i la r  to
th o se  d e sc r ib e d  above gave 21.7  g . ( 98 . 0$) of l-=methyl«4^
p ip e r id y lp h e n y lc a r b in o l ,  m .p. 153—155° ,  upon removal of the
c a t a l y s t  by f i l t r a t i o n  and n e u t r a l i z a t i o n  of the  aqueous
s o l u t i o n .
1—M ethyl-h—p in e r id y lp h e n y l  Ketone (XLV II ) by O x ida tion
w i th  Manganese D io x id e . A s o lu t io n  o f  27 g . of 1-methyL-Jj?-
p ip e r id y lp h e n y lc s r b in o l  (XLVI) i n  lj.00 m l. of ch loroform  was
h e a ted  under r e f l u x  w i th  150 g . of a o t iv a t e d  manganese d io x id e
f o r  6 h r .  and s t i r r e d  w i th  a m agnetic s t i r r e r  f o r  lj.8 h r .  a t
i|0°C. The manganese d io x id e  was s e p a ra te d  by f i l t r a t i o n ,  and
the  s o lv e n t  was removed by e v a p o ra t io n .  A m ix tu re  of an  o i l
and s o l i d  was o b ta in ed  upon t r i t u r a t i o n  o f  the  r e s id u e .  The
o i l  was s e p a ra te d  by f i l t r a t i o n  to  g ive  Jj.,1  g . (16 . 1$) of 1—
0m e th y W jj-p ip e r id y lp h e n y l ketone (XLVII), b . p .  176—180 a t
56,58 o
18 mm; l i t .  , b . p .  130—137 a t  2 mm. The s o l id  was un—
r e a c te d  c a rb ln o l  (XLVI).
Bv O x id a tio n  w i th  Chromic A c id .— A m ix tu re  of 3 2 .5  g .  
of In m e th y l-J^ -p ip e r id y lp h e n y lc a rb in o l  (XLVI), 13 .3  g .  of 
chrom ic ao id  anhydride  and 650 m l. o f  a c e t i c  ao id  were h ea ted  
un d er  r e f l u x  f o r  1 h r .  The s o lv e n t  was removed by d i s t i l —
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l a t i o n  under reduced p r e s s u r e ,  and the  r e s id u e  was d i lu t e d  
w i th  100 ml. o f  w a te r  and b a s i f i e d  w i th  I4.OO m l. o f  25$ sodium 
hydrox ide  s o lu t i o n .  The o i ly  l a y e r  which se p a ra te d  was d is ­
so lved  i n  ch lo ro fo rm , and the  aqueous l a y e r  was e x t r a c te d  
th r e e  tim es  w i th  ch lo ro fo rm . The combined e x t r a c t s  were 
washed w i th  w a te r ,  d r ie d  over po tassium  c a rb o n a te ,  and f r a c ­
t i o n a l l y  d i s t i l l e d  under reduced p r e s s u r e .  l-M eth y l—ifp- 
p ip e r id y lp h e n y l  ketone ( 25.2  g . ,  7 8 . 2$) was c o l l e c t e d  as the 
f r a c t i o n  b o i l i n g  a t  171—178® a t  15 mm.
The R e ac tio n  of 1—Methyl—k i-p ip e r ld y lp h en y l  Ketone 
(XLVII) w i th  P h e n y lh y d ra z in e .— A ll  a t te m p ts  to  p re p a re  and
1
i s o l a t e  l-m ethyl*^l|/«piperidylphenyl ketone phenylhydrazone 
f a i l e d .  H eating  equlm olar  amounts of the ketone and phenyl— 
h y d raz in e  on a steam b a th  w ith  a c a t a l y t i c  amount of g l a c i a l  
a c e t i c  ac id  f a i l e d  to  g ive  a r e a c t i o n .
H eating  equ im olar amounts of the  ketone (XLVII) and 
p h en y lh y d raz in e  under r e f lu x  in  a benzene s o lu t io n  w i th  a 
c a t a l y t i c  amount of g l a c i a l  a c e t i c  ac id  r e s u l t e d  in  th e  re ­
covery  o f  s t a r t i n g  m a t e r i a l .  A ce ty lp h en y lh y d raz id e  was the 
on ly  p roduo t found .
In  a s i m i l a r  manner, a s o lu t i o n  o f  the  ketone (XLVII) 
and p h en y lh y d raz in e  i n  g l a c i a l  a c e t i c  a o id ,  h ea ted  w ider r e ­
f l u x  f o r  10 h r . ,  f a i l e d  to  g ive a r e a c t i o n .
S u b s t i t u t i n g  phen y lh y d raz in e  h y d ro ch lo r id e  f o r  
p h en y lh y d raz in e  in  th e  above r e a c t io n s  gave s i m i l a r  r e s u l t s .
These r e s u l t s  a re  somewhat s u r p r i s i n g .  I t  would seem 
t h a t  X-methyl—i|r -p ip e r id y lp h en y l ketone (XLVII) i s  l e s s  s t e r l -
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c a l l y  h in de red  th a n  isobutyrophenone which forms a phenyl— 
hydrazone r e a d i l y .  S im i la r  r e s u l t s  were found in  th e  a t te m p t 
to  form the  phenylhydrazone of cyc lo h ax y lp h en y l ketone which 
s h a l l  be d e sc r ib e d  l a t e r .
The R eac tio n  o f  1—Methyl—4—p lp e r ld y lp h e n y l  Ketone and 
P h en y lh y d raz in e  w ith  Polyphosphoric  A c id .— A m ix ture  of 1 0 .1  
g .  o f  l-m e th y l—i^ -p ip e r id y lp h en y l ketone (XLVII), 5*4 g . of 
p h en y lh y d raz in e  and 25 g .  of po lyphosphoric  a c id  was s t i r r e d  
u n t i l  a uniform  c o n s is te n c y  was o b ta in e d .  A f te r  the  i n i t i a l  
r e a c t i o n  su b s id ed , th e  f l a s k  was hea ted  i n  a h o t a i r  b a th  a t  
150° f o r  2 h r .  The f l a s k  was removed and th e  c o n te n ts  were 
poured  im m ediately  i n to  400 ml. of co ld  w a te r .  The p ro d u c t 
was th e n  I s o la t e d  in  the  manner d e s c r ib e d  p re v io u s ly  f o r  such 
r e a c t i o n s .  A red—brown o i l  (6 .1  g . ) was o b ta in e d ,  b u t  I t  
cou ld  n o t be c r y s t a l l i z e d  and could n o t  be p u r i f i e d  by d i s ­
t i l l a t i o n .  A ttem pts t o  p rep a re  s o l id  d e r i v a t i v e s  f a i l e d .
The p roduot m ix tu re  was s e p a ra te d  v ia  column chroma­
to g ra p h y , u s in g  P l o r i s i l  as packing and a v a r i e t y  of s o lv e n ts  
o f  in c re a s in g  p o l a r i t y  a s  th e  e l u e n t s .  Prom 1 .0  g. o f  p ro d u c t  
m ix tu re  a sm all amount o f  c r y s t a l l i n e  m a te r i a l  was found in  
th e  f r a c t i o n s  e lu te d  w i th  d ie th y l  e t h e r .  This m a te r ia l  r e ­
p re s e n te d  35$ o f th e  m a te r i a l  chrom atographed and was r e c r y s — 
t a l l i z e d  from 60—90* pe tro leum  e th e r  to  g iv e  w hite  c r y s t a l s ,  
m .p . 110—112°. The in f r a r e d  and u l t r a v i o l e t  ( 219,
IQ q a
2 2 5 ,233 , 243,303 mu, lo g  £  4 .1 9 ,  4 .1 6 ,  4 .0 7 ,  3 .9 8 ,  4 .0 7 )
a b s o r p t io n  s p e c t r a  in d io a te d  t h i s  m a te r i a l  to  be s p i r o -
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( p i p e r i d l n e - 4 ,3 f-»2'—phenyl—3 3 - in d o le ) (XLVIII) .
A na l* Calcd. f o r  Ci9H20^ 2 ; C, 8 2 .6 l j  H, 7.2ij..
Found: C, 82.77; H, 7 .1 7 .
The p i c r a t e  o f  XLVIII was p rep a red  in  95$ e th a n o l .
o
R e c r y s t a l l i z a t i o n  from e th a n o l  give XLVII IP , m.p.  230—231 .
A n a l . Calcd. f o r  : C, 5 9 .^ 1 ;  H, i f . .55.
Pound i C, 59.i|-8; fl, I4.. 6I4..
Attempted E q u i l i b r a t i o n  of S p iro— ( p ip e r id in e —h .  3 
2 ' —phenv l—lit—Indo le  (XLVIII) . -  A s o lu t io n  o f 1 .0  g .  of XLVIII 
was p re p a red  in  10 g .  o f  po lyphosphoric  a c id .  The s o lu t io n  
was h ea ted  a t  190° f o r  3 h r .  In  a h o t  a i r  b a th  and the pro­
d u c t  was i s o l a t e d  as d e sc r ib e d  p r e v io u s ly .  A y e llow  o i l  
(0 .8 5  g . )  was o b ta in e d .  The I n f r a r e d  and u l t r a v i o l e t  ab­
s o r p t io n  s p e c t r a  of t h i s  m a te r i a l  were I d e n t i c a l  to  those  of 
XLVIII. The o i l  c o m p le te ly  c r y s t a l l i z e d  to  g iv e  a w h ite  
s o l i d ,  m .p . 108—111° ,  th e  a b s o rp t io n  s p e c t r a  of which was 
i d e n t i c a l  to  XLVIII.
Cvolohexvlphenvl Ketone v ia  th e  C rlgnard  R eagen t.—
In  a 1000 m l. th re e —neck  f l a s k  was p laoed  6 g .  (0 .25  moles) 
of magnesium tu rn in g s  In  anhydrous e t h e r  to  which 2 m l. of 
f r e s h l y  d i s t i l l e d  cy c lo h ex y l bromide were added. A r e a c t io n  
was i n i t i a t e d  in  a t e s t  tube and the c o n te n ts  o f  th e  t e s t  
tube  were poured in to  the  f l a s k .  Once th e  r e a c t i o n  s t a r t e d  
in  th e  f l a s k ,  28 m l. o f  th e  h a l id e  i n  dry  e t h e r  was added 
over  th e  p e r io d  of 15 min. The r e a c t i o n  m ix tu re  was s t i r r e d  
v ig o r o u s ly  du ring  th e  p e r io d  o f  a d d i t io n  o f  the  h a l id e  and
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th e n  g e n t ly ,  f o r  1 h r .  A  s o lu t io n  o f  2 0 .3  g . of b e n z o n i t r i l e  
in  e t h e r  was th e n  added dropw ise, w i th  s t i r r i n g ,  and the  
m ix tu re  was s t i r r e d  f o r  3 h r s .  The te m p e ra tu re  was m a in ta in ed  
a t  35*40° by means o f  a w a te r  b a th .  The m ix ture  was decan ted  
from any excess Mg and was cooled i n  an ic e  b a th .  While co o l­
in g  and s t i r r i n g ,  350 m l. of 10$ s u l f u r i c  ac id  was added. The 
e t h e r  l a y e r  was s e p a r a te d ,  and the w a te r  l a y e r  was e x t r a c te d  
tw ice  w ith  e t h e r .  The e t h e r  e x t r a c t s  were combined, washed 
w i th  w a te r ,  and d r ie d  over  po tassium  c a rb o n a te .  F i l t r a t i o n  
and e v a p o ra t io n  of th e  s o lv e n t  gave an o i l  which was d i s t i l l e d  
to  g iv e  b e n z o n i t r i l e  and a sm all amount o f  m a te r ia l  ( b .p .  li^Q— 
1^5°/1 8  mm.) This m a te r i a l  was c r y s t a l l i z e d  by t r i t u r a t i o n  
w i th  petro leum  e t h e r .  R e c r y s t a l l i z a t i o n  o f  the s o l id  from
30—60 petro leum  e t h e r  gave 3*8 g. (9 .8$ )  of cyc lohexy lpheny l
0 59 0
k e to n e ,  m.p. 53**54 , l i t .  m.p. 52+. .
C vc lo h ex v ln h en v lca rb ln o l v ia  the  G rignard R eagen t.—
In  a 1000 ml. th r e e —neck  f l a s k  was p la c ed  6 g. of Mg tu r n in g s  
in  anhydrous e t h e r ,  and 2 m l. of f r e s h l y  d i s t i l l e d  cy c lo h ex y l 
bromide were added. A s e p a ra te  r e a c t i o n  was s t a r t e d  in  a 
t e s t  tu b e ,  and th e  c o n te n ts  o f  th e  t e s t  tu b e  were added to  
th e  f l a s k .  Once th e  r e a c t i o n  s t a r t e d  i n  the f l a s k ,  28 m l. of 
cyclohexylbrom ide were added s low ly  w i th  s t i r r i n g ,  and th e  
s o l u t i o n  was h e a te d  under  r e f lu x  f o r  1 h r .
A s o lu t io n  o f  20 m l. o f  f r e s h l y  d i s t i l l e d  benzaldehyde 
i n  anhydrous e t h e r  was th e n  added dropw ise w i th  s t i r r i n g  and 
th e  m ix tu re  was h ea ted  under r e f lu x  f o r  3 h r s .  H y d ro ly s is  was
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accom plished us in g  10$ s u l f u r i o  a c id .  The e t h e r  l a y e r  was 
s e p a r a te d ,  and the  w a te r  l a y e r  was e x t r a c te d  th re e  tim es 
w i th  e t h e r .  The e t h e r  e x t r a c t s  were washed w i th  10$ sodium 
hydrox ide  s o lu t io n  and d r ie d  over po tass ium  c a rb o n a te .  Re­
moval of th e  so lv e n t  gave 28 .9  (77$) of cyc lohexy lpheny l— 
c a rb in o l  which was used d i r e c t l y  in  th e  fo l lo w in g  r e a c t io n .
Cyclohexylphenyl K etone.— To a s t i r r e d  s o lu t io n  of 
21 g .  of sodium d ichrom ate  in  100 ml. of w a te r ,  20 g. of con­
c e n t r a t e d  s u l f u r i c  a c id  was added s lo w ly .  The m ix ture  was
oth e n  coo led  to  30 C in  an  ic e  b a th .  The chromic ac id  was 
added to  2 8 .9  g. of c y c lo h e x y lp h e n y lc a rb in o l  i n  th re e  p o r ­
t i o n s ,  w h ile  tem p era tu re  was m ain ta ined  between 55° and 60°. 
The m ix tu re  was th e n  s t i r r e d  v ig o ro u s ly  and allowed to  s tand  
f o r  2 h r .
The m ix tu re  was poured in to  200 ml. o f  w ate r  and ex­
t r a c t e d  f i v e  tim es w ith  e t h e r .  The e x t r a c t s  were combined,
washed w i th  w a te r ,  and d r ie d  over po tass ium  c a rb o n a te .  Re­
moval of th e  e th e r  gave 1 1 .2  g . (72$) o f  cyc lohexy lpheny l 
ke tone  w hich, a f t e r  one r e c r y s t a l l i z a t i o n  from 30—60 p e t ro ­
leum e t h e r ,  m elted a t  5V -55°.
The R eac tio n  o f  C yclohexylphenyl Ketone w ith  Phenyl—
h y d r a z i n e S im ila r  to  th e  r e s u l t s  en co u n te red  when t r y in g
to  p re p a re  the  phenylhydrazone o f  1—methyl-Jj—p ip e r id y lp h e n y l  
k e to n e ,  a l l  a t te m p ts  to  p re p a re  and I s o l a t e  the  phenylhydra— 
zone of cy o lohexy lpheny l ketone f a i l e d .
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R eac tion  of C yclohexylphenyl Ketone and Phenylhydra— 
z in e  w ith  P o lyphosphoric  Aoid. P r e p a r a t i on of S n i r o - (e .yo la- 
h ex an e-1 ,3  ' - 2 1 -pheny  1-3 3—i  n d o le ) (L I ) . -  A m ix tu re  of 2 .1  g . 
of cy c lo hexy lpheny l ke tone , 1 .5  g .  of pheny lhydraz ine  and 30 
g . o f  po lyphosphoric  ac id  was s t i r r e d  u n t i l  a uniform  con—
o
s is te n c y  was o b ta in e d .  The m ix tu re  was hea ted  a t  150 f o r  
3 h r . ,  and th e  p ro d u c ts  were i s o l a t e d  i n  the manner d e sc r ib ed  
p r e v io u s ly .  A b la c k  t a r  (2 .7  g . )  was o b ta in e d ,  a t te m p ts  to  
i s o l a t e  a pure m a te r i a l  o r  to  p re p a re  s o l i d  d e r iv a t iv e s  f a i l e d ,  
The t a r  was se p a ra te d  by column chrom atography on 
F l o r i s i l  u s in g  60-90 petro leum  e t h e r  g ra d u a l ly  en r ich ed  w ith  
ace to n e  as the  e lu e n t .
A ye llow  o i l  was i s o l a t e d  i n  the  e th e r  e lu e n t  and i t  
c r y s t a l l i z e d  a t  room tem pera tu re  d u r in g  a p e r io d  of th r e e  
weeks. R e c r y s t a l l i z a t i o n  of t h i s  m a te r i a l  from lo w -b o i l in g  
pe tro leum  e th e r  gave w hite  c r y s t a l s ,  m .p. 85—8 7 ° .  The ab­
s o r p t io n  s p e c t r a  of t h i s  s o l id  in d ic a te d  i t  to  be s p i r o —
a Me OH
(oyclohexane—1 , 3 ?—2 f—phenyl—3H -indo le)  (L I ) ,  ( A 220,
I u B  A
226,21)3,297 m u ;  lo g  £  max I4. .2I ,  1)..21, 3 .8 S , lt-.Otf.).
A n a l. C alcd . f o r  C19H19N: C, 87 .53 ; H, 7 .2 8 .
Found: C, 87 .61 ; fl, 7 .6 1 .
The p i c r a t e  of L I  was p rep ared  i n  95$ e th a n o l  to  g ive 
LIP , m.p. 169-170°.
A nal. Calcd. f o r  : C, 61 .22 ; H, 4-.i|-9.
Found: C, 61 .55 ; H, i^.58.
Attempted Rearrangement o f  S p iro — (cvolohexane—1. V — 
2 t-p h e n y l—3 1 - in d o le )  (LI) w i th  P o lyphosphoric  A oid .— In  the
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manner d esc r ib ed  p r e v io u s ly ,  1 g . o f  L I  in  15 g . of p o ly -  
phosphoric  was h ea ted  a t  150°C f o r  3 h r . ,  and 0 .75  g . of a 
y e l lo w  o i l  was i s o l a t e d  from t h i s  r e a c t i o n .  The a b s o rp t io n  
s p e c t r a  o f  t h i s  m a t e r i a l  were i d e n t i c a l  to  those  of L I .  This 
m a te r i a l  c r y s t a l l i z e d  co m p le te ly  on a d d i t i o n  of a seed c ry s ­
t a l  o f  L I  to  give a s o l i d ,  m .p . 8ij—87°, the  a b s o rp t io n  s p e c tra  
of which was i d e n t i c a l  to  t h a t  of L I .  The p resence  of no 
o th e r  m a te r i a l  was d e t e c t e d .
P re p a ra t io n  of C v c lo p e n tv lp h e n v lc a rb ln o l  and Cvolo— 
p e n ty lp h e n y l Ketone ( L I I I ) . — The G rignard  re a g e n t  p repared  
by th e  r e a c t io n  o f  6 g . of magnesium and 3 8 . ij. g . of cyc lo— 
pen ty lb rom ide  was t r e a t e d  w ith  20 .9  g . o f  benzaldehyde in  a 
manner s i m i l a r  to  t h a t  used f o r  the  p r e p a r a t io n  of cyc lo— 
h e x y lp h e n y lc a rb in o l .
A f te r  com ple tion  of th e  G rignard  r e a c t io n ,  h y d ro ly s is  
w i th  d i l u t e  s u l f u r i c  a c id ,  e x t r a c t i o n  w i th  e th e r  and removal 
of th e  s o lv e n t  gave 2lj..8 g. (71 .2$) of a brown o i l .  This o i l  
was t r e a t e d  w ith  sodium dichrom ate and s u l f u r i c  ac id  to  p re­
pare  th e  ketone fo l lo w in g  the  p rocedure  d e sc r ib e d  f o r  th e  
p r e p a r a t io n  of cyc lo h ex y lp h en y l k e to n e .
The o i l  which was i s o l a t e d  was f r a c t i o n a l l y  d i s t i l l e d
o
to  g ive  10 .6  g. o f  benza ldehyde , b .p .  125—135 a t  28 mm., and
3 .2  g .  (9 .2$ )  of cy o lo p en ty lp h en y l  k e to n e , b .p .  180- 200° a t
60 o
28 mm., l i t .  , b . p .  136—IlfO a t  16 mm. 2,ij. D .N .P .,  m.p. llj.1—
o 60 ol l |4  , l i t .  , m.p. llj.2—II4.3 .
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C yolopen tv lphenv l Ketone Phenylhydrazone (L IV ).— 
P heny lhydraz ine  (2 .0  g . )  was added dropw ise to  3 .15  g .  of 
c y c lo p e n ty lp h e n y l  ketone in  a sm a ll f l a s k .  A c a t a l y t i c  amount 
of g l a c i a l  a c e t i c  a c id  was added, and th e  m ix tu re  was h ea ted  
on a steam  b a th  f o r  0 .5  h r .  The fo rm a tio n  of the  pheny lhydra— 
zone was evidenced by th e  s e p a r a t io n  o f w a te r .  The e n t i r e  
c o n te n ts  o f  the f l a s k  were th e n  poured i n t o  100 ml. of e t h e r ,  
and th e  s o lu t io n  was d r ie d  over p o ta ss iu m  c a rb o n a te .  The 
e t h e r  s o lu t i o n  was decan ted  and c o n c e n tra te d  on a steam b a th  
to  g ive  i | .9  g . of a y e l lo w  o i l  which was used im m ediately  in  
the  fo l lo w in g  r e a c t io n .
S p iro — (oyo lopen tane—1,3*—2*—phenyl—3B-:indole) (LV)
A s o l u t i o n  of ij.,9 g .  of crude c y c lo p e n ty lp h e n y l  ketone phenyl— 
hydrazone from the p re v io u s  r e a c t i o n  in  20 m l. of g l a c i a l  
a c e t i c  ac id  was h ea ted  under  r e f lu x  f o r  1 .5  h r .  The f l a s k  was 
th e n  allow ed to  c o o l ,  and the c o n te n ts  were poured in to  150 
ml. of i c e - w s te r .  The s o lu t io n  was n e u t r a l i z e d  w ith  po tass ium  
c a rb o n a te ,  and the b la c k ,  t a r - l i k e  m a t e r i a l  which se p a ra te d  
was ta k e n  up in  ch lo ro fo rm . The ch lo ro fo rm  s o lu t io n  was d r ie d  
over po tass ium  ca rb o n a te  and d e c o lo r iz e d  w ith  Kforite . The 
ch lo ro fo rm  was removed by d i s t i l l a t i o n ,  and th e  o i l  w hich re ­
mained was d is so lv e d  i n  an  exoess o f  30-60 pe tro leum  e t h e r .  
A oety l pheny lhyd raz ide  s e p a ra te d  and was c o l le o te d  by f i l ­
t r a t i o n .  The f i l t r a t e  was c o n c e n tra te d  to  g iv e  3 . 1+. g . (70 .2$) 
o f  a p i ro -c y c lo p e n ta n e —1 ,3 * —2*—pheny 1 - 3 3 - in d o le ) (LV) w hich was 
c h a r a c te r i z e d  by in f r a r e d  and u l t r a v i o l e t  a b s o rp t io n  spec—
tro so o p y s  ( \  "®°H 227,237,21(5,305 mu ; l o g £  4 .1 8 ,  4 . 18 ,max — max
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4 . 1 0 , I4-. 1 8 ) .
A nal. C alcd . f o r  C ^ H ^ N :  C, 8 7 .48 ; H, 6 .8 8 .
Pound: C, 87 .15 ; H, 7 .0 2 .
11—P h e n v lte tra h v d ro c a rb o z o le n in e  (LT/ I )  .— A s o lu t io n  
o f  1 g .  of s p iro — (cyc lo p en tan a—1 ,3 f- 2 J—3H~Indole) In  15 g . 
o f  po lyphosphoric  a c id  wss h sa te d  a t  150° f o r  1 .5  h r .  in  a 
h o t  a i r  b a th .  The p ro d u c t  was i s o l a t e d  in  the  manner de­
s c r ib e d  p re v io u s ly  to  g ive  .94  g . o f  a y e llow  s o l i d .  This 
s o l i d  was r e c r y s t a l l i z e d  from e th e r  to  g ive  w h ite  n e e d le s ,
m.p. 130—131 , i d e n t i f i e d  as 11—p h e n y l te t ra h y d ro c a rb o z o l in e  
through, in f ra re d  and u l t r a v i o l e t  a b s o rp t io n  sp e c tro sco p y .
A nal. C alcd . f o r  C, 8 7 . 4 8 ; H, 6 .8 8 .
Found: C, 87 .32 ; H, 6 .9 1 .
P re p a r a t io n  o f  1—C**—P h e n v la c e t o n i t r i l e  (LXV).— A 
sample of r a d io a c t iv e  sodium cyanide (NaC14N) was ob ta ined  
from T ra o e r lsb  I n c . ,  1601 T rapelo  Road, Waltham 54» Maas. 




Compound : LI—If Sodium Cyanide—Cx4
Formula : NaCl4 N
Lot No. : ifif -  187 -  7
M i l l i o u r i e s :  1 .0  mo.
Weight : l i f . l  mg.
S p e c i f ic
A c t iv i ty  2 3 .48  me/c/mM
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This m a te r i a l  was d is so lv e d  i n  500 ml. of d i s t i l l e d  
w a te r .  A 50-m l. a l i q u o t  of t h i s  s o l u t i o n  was used i n  the  
fo l lo w in g  r e a c t io n .
In  a 500 m l. round bottom f l a s k  equipped w i th  a 
r e f l u x  condenser and s e p a ra to ry  fu n n e l  were p laced  50 g.
(1 mole) of powdered sodium cyanide and a 50*~ml. a l i q u o t  of 
the  s o lu t io n  o f r a d io a c t iv e  sodium cy a n id e ,  the  p r e p a r a t io n  
o f  which i s  d e sc r ib e d  above. The m ix tu re  was warmed on a 
w a te r  b a th  in  o rd e r  to  d is s o lv e  most of th e  sodium cy an id e , 
and th e n  100 g .  ( .8  m oles) o f  f r e s h l y  d i s t i l l e d  b en zy l ch lo­
r id e  mixed w ith  100 g . o f  95$ e th a n o l  was added over a p e r io d  
o f  .5  to  .75  h r .
The m ix tu re  was hea ted  under r e f l u x  on the  steam b a th
f o r  I4. h r . ,  cooled  and f i l t e r e d  w ith  s u c t io n  to  remove most
o f  th e  sodium c h l o r id e .
The f l a s k  was f i t t e d  w ith  a d i s t i l l i n g  condenser  and 
most o f  th e  a lc o h o l  was removed by d i s t i l l a t i o n ,  u s in g  a 
steam  b a th  to  h e a t .  The r e s id u a l  l i q u i d  was co o le d ,  and the 
l a y e r  of p h e n y l a c e to n i t r i l e  was s e p a r a te d .  This phen y lao e to — 
n i t r i l e  was d i s t i l l e d  under reduced p r e s s u r e  and c o l le c te d  
a t  175—180° a t  J4.0 mm. to  g ive  75*2 g . (80$ ) .
P r e p a r a t io n  o f  1—C14—p h e n v la c e t le  Acid ( L X V I ) The
7 2 .1  g .  of r a d io a c t iv e  p h e n y l a c e t o n i t r i l e  from th e  above
r e a c t i o n  was added to  a m ix tu re  of 72  co .  o f  w a te r ,  72 c c .  
o f  conc . s u l f u r i c  a c id  and 72 c c .  o f  g l a c i a l  a c e t i c  a c id ,  and 
th e  s o l u t i o n  was h ea ted  under r e f l u x  f o r  1 .5  h r .
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The r e a c t i o n  m ix tu re  was poured in to  cold  w a te r .  The 
crude m a te r i a l  was removed by f i l t r a t i o n ,  m elted  under h o t 
w a te r  and washed by d e c a n ta t io n  s e v e r a l  tim es w i th  h o t  w a te r .
The h o t  washings were allowed to  c o o l ,  whereupon some d is ­
so lved  p h e n y la c e t ic  ac id  s e p a ra te d .  This s o l id  was added to  
th e  m e l t .  The m olten  m a te r i a l  was t r a n s f e r r e d  to  a C la ise n
f l a s k  and d e s t i l l e d  under reduced p r e s s u r e .  The p h e n y la c e t ic
o
a c id  was c o l le c te d  as the  f r a c t i o n  b o i l i n g  a t  168—172 a t  
38 mm., y ie ld in g  ij.8.8 g . (68$) o f  p h e n y la c e t ic  a c id ,  m.p. 75*5“- 
76° .
P re p a r a t io n  o f  Phenyl—2. C314->2—propanone ( L X V I I ) In 
a 500 m l. th re e —neck  f l a s k  equipped w ith  r e f l u x  condenser ,  
d ropp ing  fu n n e l  and s t i r r e r  was p laced  l.ij. g. of f i n e l y  d iv ided  
l i t h iu m  m eta l in  anhydrous e t h e r .  A s o lu t io n  o f 35 g . of 
m ethyl bromide in  anhydrous e th e r  was added slow ly to  the m e ta l ,  
and th e  f l a s k  was cooled  w ith  ic e  as soon as the  r e a c t i o n  began. 
Upon com plete s o lu t io n  of the l i th iu m  m e ta l ,  10 .0  g .  of l a b e l l e d  
p h e n y la c e t ic  ac id  (p rep ared  by the  above r e a c t io n )  in  anhydrous 
e t h e r  was added dropwise to  the  s o lu t io n  over  the p e r io d  of 
1 h r .  The ic e  b a th  was th e n  removed, and the f l a s k  was h ea ted  
under r e f l u x  f o r  2l± h r .  H y d ro ly s is  was accom plished w ith  
d i l u t e  s u l f u r i c  a c id .  The e th e r  l a y e r  was s e p a ra te d ,  washed 
tw ice  w ith  w a te r ,  and d r ie d  over po tass ium  c a rb o n a te .  A f te r  
f i l t r a t i o n  and removal of the  s o lv e n t ,  an  o i l  was o b ta in ed  
which was f r a c t i o n a l l y  d i s t i l l e d  t o  g ive  1 .2  g . (12 .7$) of 
l a b e l l e d  pheny 1—2—propanone . The i d e n t i f i c a t i o n  and p u r i t y  of
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t h i s  p ro d u c t  was based on in f r a r e d  a b s o rp t io n  sp ec tro sco p y  
and vapor phase chrom atography.
This p rocedure  was re p e a te d  to  g iv e  2 .6  g . (27.7$) 
of th e  phenyl—2—propanone. The y ie ld s  from t h i s  r e a c t i o n  
were c o n s id e ra b ly  lower th a n  those  (80—86) ob ta ined  in  t r i a l  
runs w i th  u n la b e l le d  m a t e r i a l .  The only  v a r i a t i o n  was the 
brand of anhydrous e t h e r  used in  th e se  r e a c t i o n s .
The 3 .8  g . of l a b e l l e d  phenyl—2—propanone was d i lu t e d  
w ith  1J?0 g . of commercial phenyl—3—propanone . This m a te r i a l  
was used in  the  fo l lo w in g  r e a c t io n .
P re p a ra t io n  o f  3—Phenyl—2. C3,4—2—butanone (LXVIII),— 
The r a d io a c t iv e  phenyl—2—propanone (liili g . ) was a lk y la te d  
w i th  sodium hydroxide and m ethyl io d id e  u s in g  the m odified  
v e r s io n  of S ch u ltz* s  p rocedure  which was d e sc r ib e d  above.
In  t h i s  manner 110 g .  (70$) of r a d io a c t iv e  3—phenyl—
2—butanone was p re p a re d .  The ketone was com ple te ly  f r e e  of 
the  s t a r t i n g  propanone as  evidenced by v ap o r  phase chroma­
to g rap h y .
P re p a r a t io n  of 2 , 3^Dimethyl—3—pheny l—2 , CX4—3B—ln d o le  
(LXX).— The phenylhydrazone (LXIX) of l a b e l l e d  3—phenyl—2— 
butanone (LXVIII) was p rep a re d  v ia  the  p ro ced u re  d e sc r ib e d  
p re v io u s ly  f o r  the  p r e p a r a t io n  o f u n la b e l le d  m a te r i a l .  This 
phenylhydrazone was oonverted  to  l a b e l l e d  2 , 3 -d im eth y l-3 — 
phenyl—3BM.ndole by h e a t in g  a s o lu t io n  o f  the  phenylhydrazone 
i n  g l a c i a l  a c e t io  ac id  a t  the  r e f l u x  te m p e ra tu re  f o r  3 h r .
The 3 3 - in d o le  was p a r t i a l l y  p u r i f i e d  by d i s t i l l a t i o n .
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The p i e r s t e  d e r iv a t iv e  of (LXX) was p rep a red  from 95# e th a n o l .  
A f te r  r e c r y s t a l l i z a t i o n ,  the  d e r iv a t iv e  was reco n v e rted  to  
the  f r e e  base  by e l u t i n g  a ch lo roform  s o lu t io n  o f  the p i c r a t e  
th ro u g h  a column o f  b a s ic  a lum ina . The o i l  which was o b ta in e d  
was c r y s t a l l i z e d  by t r i t u r a t i o n  in  30-60 petro leum  e t h e r  and 
seeded w ith  p re v io u s ly  c r y s t a l l i z e d  m a t e r i a l .  R e c r y s ta l l i z a — 
t i o n  from 30-60 pe tro leum  e th e r  gave 2 , 3 ^ im athy l—3*»phanyl— 
3 B -indo le  o f  th e  h ig h e s t  p u r i t y ,  m .p. 7 7 .0 -7 8 .0 ° .
E q u i l i b r a t i o n  o f  2 ,3 —Dimethyl—3-pheny l—2—C3,4—3 3 - in d o le  
(LXX) and 3 ,3 -D lm eth y l-2 -p h en y l-2 -C * * -3 B -in d o la  (LXXI) and 
I s o l a t i o n  o f  (LXXI).— Samples (2 .0 —2 .5  g . ) of 2 ,3—dim ethyl—
3—phenyl—2—C14—3B—in d o le  were d is s o lv e d  i n  po lyphosphoric  
a c id  and hea ted  a t  150° f o r  h r .  The p ro d u c ts  were i s o l a t e d  
in  the  manner d e sc r ib e d  p r e v io u s ly .  The o i l s  which were ob­
ta in e d  were s e p a ra te d  by column chrom atography, u s in g  F l o r i s i l  
a s  the  pack ing  and lo w -b o i l in g  (25-4j.0°) pe tro leum  e t h e r  a s  the  
e l u e n t .  3>3—Dimethyl—2—phenyl— 3H—in d o le  was e lu te d  in  th e  
f i r s t  f r a c t i o n s  fo llow ed  s h o r t l y  by 2 ,3—dim ethy l—3-phenyl—3 3 -  
in d o le .  In  t h i s  manner samples of b o th  in d o le n in e s  were ob­
ta in e d  com ple te ly  f r e e  o f co n tam in a tio n  by the  o th e r  isom er.
By r e p e t i t i o n  of t h i s  p rocedure  2 .5  g . o f  3 .3 -d im e th y l— 
2-pheny l—3B-ind o le  was c o l l e c t e d ,  2 .0  g . of w hich was used  in  
th e  fo l lo w in g  r e a c t i o n .
O x id a tio n  o f  3»3—Dimethyl—2—phenyl—3 3 - in d o le .— The
2 .0  g . of l a b e l l e d  3 , 3-dime th y  1-2—phenyl—3H-ind o le  was d i s ­
so lved  in  200 ml. of g l a c i a l  a o e t ic  a c id ,  and th e  s o l u t i o n  was
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h e a te d  to  r e f l u x  te m p e ra tu re .  Then 100 m l. of 30$ hydrogen 
p e ro x id e  was added and th e  f l a s k  was h e a te d  f o r  an a d d i t i o n a l  
2k  h r .
The a c e t i c  ac id  and hydrogen p e ro x id e  were removed by 
d i s t i l l a t i o n  under reduced p r e s s u r e .  The semi—s o l id  mass 
w hich remained a f t e r  rem oval o f  th e  s o lv e n t  was e x t r a c te d  f i v e  
t im es  w ith  100-ml. p o r t i o n s  of d i e th y l  e t h e r  (no w a te r  was 
in t r o d u c e d ) .
The e t h e r  e x t r a c t s  were combined, and th e  s o lv e n t  was 
removed by d i s t i l l a t i o n .  W ater (300 m l.)  was added t o  th e  
r e s id u e ,  and the  w a te r  was h e a te d  to  b o i l i n g  and th en  decan ted  
from th e  u n d isso lv ed  m a t e r i a l .  On c o o l in g  th e  w a te r  s o l u t i o n ,  
a s o l i d  p r e o i p i t a t e d , which was c o l l e c t e d  by f i l t r a t i o n  and 
was r e c r y s t a l l i z e d  from 200 m l. of w a te r .  The c r y s t a l l i n e  
m a t e r i a l  was allow ed to  dry  in  a i r  and was th e n  sublimed th r e e  
tim es  to  g ive  .If? g .  o f  a w h ite  c r y s t a l l i n e  m a te r i a l  w hich was 
i d e n t i f i e d  as benzo ic  a c id  th ro u g h  i t s  i n f r a r e d  a b s o rp t io n  
spectrum  and i t s  p h y s ic a l  p r o p e r t i e s .  This  m a te r i a l  was found 
t o  have the  same amount of r a d io a c t iv e  l a b e l l i n g  a s  was con­
ta in e d  in  (LXX) and (LXXI).
The R eac tio n  o f  2 , 3~Plm athyl—3—p h en y l—3B—in d o le  w i th  
D euterium  Oxide. The P r e p a r a t io n  o f  3-M ethvl-2—d e u t s r o -  
m e th y l-3 —phenyl—3B—ln d o le  (LXXIII) Anhydrous hydrogen c h lo ­
r id e  was bubbled in to  a m ix tu re  of 1 0 .0  g .  o f  2 ,3 -d im e th y l—3— 
p h enyH -O ^indo le  (XXXII) and 30 m l. of 9 9 .5$  deu te r ium  oxide 
u n t i l  the  3H -indo le  j n s t  d i s s o lv e d .  The f l a s k  was s to p p e re d
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t i g h t l y  and allow ed to  s tan d  a t  room te m p era tu re  f o r  21+. h r .  
Anhydrous po tass ium  c a rb o n a te  was th e n  added to  n e u t r a l i z e  
th e  s o l u t i o n .  The o i l  which s e p a ra te d  was tak en  up in  e t h e r ,  
and th e  aqueous l a y e r  was e x t r a c te d  tw ice  w i th  e t h e r .  The 
e t h e r  e x t r a c t s  were combined and d r ie d  o v er  anhydrous p o ta s —  
slum c a rb o n a te .  The s o l u t i o n  was th e n  f i l t e r e d  and the s o l ­
v e n t  was removed by d i s t i l l a t i o n .  T r i t u r a t i o n  o f  th e  o i l y  
r e s id u e  i n  30-60 p e tro leu m  e t h e r  gave 9 .8  g . of 3 -m ethy l—2— 
d eu te ro m eth y l—3—phenyl^3H-’in d o le  (LXXIII), m.p. 72—71}° • The 
i d e n t i f i c a t i o n  of LXXIII was based upon th e  N.M.R. and i n f r a ­
red  a b s o rp t io n  spectrum  of t h i s  m a t e r i a l  which have been d i s ­
cussed  p r e v io u s ly .  The p h y s ic a l  c o n s ta n ts  and u l t r a v i o l e t  
a b s o rp t io n  spectrum  of LXXIII were e s s e n t i a l l y  the  same as 
XXXII.
A ttem pts to  exchange the  deu ter ium  atoms of LXXIII 
f o r  hydrogen f a i l e d  under n o n -a c id ic  c o n d i t io n s .  LXXIII re ­
mained unchanged even when s o lu t io n s  o f LXXIII in  MeOH, KeOH—■ 
w a te r ,  a c e to n e ,  a c e to n e—w a te r ,  e t h e r ,  p e tro leu m  e t h e r  were 
a llow ed to  s tan d  a t  room tem p era tu re  f o r  seven  days . In  th e  
p re se n c e  of a c id ,  exchange of the  d eu te r iu m  atoms f o r  hydrogen, 
th e  r e c o n v e rs io n  o f LXXIII to  XXXII to o k  p la c e  r a p i d l y .  No 
exchange of deu terium  f o r  hydrogen to o k  p la c e  when s o lu t io n s  
o f  LXXIII i n  e t h e r  o r  30—60 petro leum  e t h e r  were passed  th rough  
columns of F l o r i s i l  o r  b a s ic  alum ina.
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P r e p a r a t io n  o f  the  Boron T r i f l u o r id e  Complex (L X IIIa ) 
of LXXIII.— Boron t r i f l u o r i d e  e t h e r a t e  (15 m l.)  was added to
2 .0  g .  of m olten  3-m0thy 1—2—deutero-*methy 1—3—phenyl—3 S - in d o le  
(LX X III). The f l a s k  was s toppered  t i g h t l y  and allow ed to  
s tan d  a t  room te m p e ra tu re  f o r  th re e  days du ring  which time
(LXXIIl a ) p r e c i p i t a t e d  slow ly  as a c o l o r l e s s  s o l i d .  The
. oa d d i t i o n  o f  50 m l. of anhydrous e t h e r  and ooo ling  to  0 caused
f u r t h e r  p r e c i p i t a t i o n  of LXXI I  la  t o  o co u r .  The a d d i t io n  p ro — 
d u c t  1 .7  g .  (6ij$) was c o l le c te d  by f i l t r a t i o n  and m elted  a t  
174-175° . LXXIIIa was converted  q u i t e  e a s i l y  to  LXXIII by 
d i s s o l u t i o n  in  a c o n c e n tra te d  s o lu t io n  o f  potassium  c a rb o n a te .  
Again* no exchange of hydrogen f o r  deu terium  took  p la c e  d u r in g  
the o v e r a l l  p ro c e s s  a s  evidenced by th e  in f r a r e d  and N.M.R. 
a b s o rp t io n  s p e c tra  of th e  r e s u l t i n g  3^ 0 th y l—S -d e u te ro m e th y l-  
S—phenyl—3H—ind o le  (LXXIII). The i n f r a r e d  and N.M.R. ab so rp ­
t i o n  o f LXXIIIa a l s o  confirm ed t h i s  s t r u c t u r e .  The s p e c t r a l  
da ta  of LXXIIIa has been  d isc u ssed  p r e v io u s ly .
The Rearrangem ent of the Boron T r i f lu o r id e  Complex 
(L X IIIa) o f  LXXIII. — A 1.7  g . sample o f  LXXIIIa was added 
to  50 m l. of o—xylene  and the s o lu t i o n  was h ea ted  under  r e ­
f l u x  f o r  24 h r .  The s o lv e n t  was removed by d i s t i l l a t i o n  under 
reduced  p r e s s u r e .  To th e  b la c k  r e s id u e  which r e s u l t e d ,  100 ml. 
of a c o n c e n tra te d  s o lu t i o n  of po tass ium  ca rb o n a te  was added 
and th e  o i l  which s e p a ra te d  was ta k e n  up in  e t h e r .  A f te r  
d ry in g  over anhydrous po tassium  c a rb o n a te ,  th e  e t h e r  s o l u t i o n  
was c o n c e n tra te d  to  g iv e  1 .4  g . of a yellow -brow n o i l  which 
was s e p a ra te d  by column chrom atography. Two 3H—in d o le s  were
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i s o l a t e d  in  the  f r a c t i o n s  e lu te d  w ith  e t h e r .  The compound 
w hich was e lu te d  f i r s t  LXXIV was i d e n t i f i e d  a s  a 2—phenyl—
3H—in d o le  by i t s  u l t r a v i o l e t  and in f r a r e d  a b s o rp t io n  s p e c t r a .
The p resen ce  of deu terium  in  the  compound was in d ic a te d  by 
i t s  i n f r a r e d  a b s o rp t io n  spectrum . The N.M.R. of t h i s  3H— 
in d o le  could  o f f e r  no ev idence co n cern in g  the p resence  o r  
p o s i t i o n  o f  the  deuterium  due to  the  im p u r i ty  of the  compound.
The second 3 J |- in d o le  which was e lu te d  from the  column 
LXXV was i d e n t i f i e d  as a 3°”phenyl—3H—ind o le  by i t s  u l t r a v i o l e t  
and in f r a r e d  a b s o rp t io n  s p e c t r a .  The compound m elted  a t  th e  
same tem pera tu re  p re v io u s ly  r e p o r te d  f o r  the 3B**indoles (XXXII) 
and (LXXIII). The N.M.R. of t h i s  3H -indo le  in d ic a te d  t h a t  the  
m ajor p o r t io n  of the  deu terium  p r e s e n t  in  the  s t a r t i n g  com­
pound 3-oiQthyl—2 -d eu te rom ethy l-3 ,,*phenyl—3H -indole  (LXXIII) was 
s t i l l  p r e s e n t  in  t h i s  compound and was e q u a l ly  d i s t r i b u t e d  
between the  2— and 3’ra*nQthyl s u b s t i t u e n t s .
P r e p a r a t io n  of 3 -m ethyl—2 -d eu te ro m e th y l—3—phenyL-3jj—- 
In d o le  M ethiodide (LXXVI).— The m eth lod ide  of 3 -m ethyl—2— 
deu terom ethy l—3-'phenyl—3B~indole (LXXIII) was p repared  in  a n ­
hydrous e t h e r  fo l lo w in g  the  p rocedure  g iv e n  p re v io u s ly  f o r  
th e  p r e p a r a t io n  of 2,3-*dime th y l—3—phenyl—3H-ind o le  m eth iodide 
(XXXIIM). LXXVI was o b ta in ed  as y e l lo w  n e e d le s ,  m .p . 218-220°. 
The u l t r a v i o l e t ,  in f r a re d  and N.M.R. a b s o rp t io n  of t h i s  com­
pound, which has been d isc u sse d  p r e v io u s ly ,  confirm ed the  s t r u c ­
tu r e  of t h i s  m a te r i a l .
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The Attem pted I n te ro o n v e r s io n  of 3-M ethvl—2 - d e u te r o -  
m ethyl—3»»phenyl—3B-ind o le  M ethiodide (LXXVI).— To 20 m l. of 
MeOH in  a py rex  tube  was added .5  g . of LXXVI. The tube  was 
s e a le d  and h ea ted  a t  150° in  a h o t  a i r  b a th  f o r  ij. h r .  A f te r  
c o o l in g ,  th e  tube was opened and anhydrous e t h e r  was added to  
p r e c i p i t a t e  the  m e th io d id e .  A n a ly s is  by i n f r a r e d  sp e c tro sc o p y  
and N.M.R. showed t h a t  no in te r c o n v e r s io n  o f  the  3 -m ethy l and 
2—d euterom ethy l s u b s t i t u e n t s  had ta k e n  p la c e .
P r e p a r a t io n  o f  2-M ethyl—1—t e t r a l o n e  (LXXVII). —______
Follo t* ing  th e  p ro ced u re  f o r  th e  a l k y l a t i o n  of phenyl—2— 
propanone which has  been d e s c r ib e d  p r e v io u s ly ,  II4..6 g . o f  ds, — 
t e t r a l o n e  t<ras t r e a t e d  w ith  g .  of sodium hydrox ide  and 20 
g .  o f  m ethyl io d id e  to  p re p a re  2-m ethyl—1—t e t r a l o n e  (LXXVII). 
A n a ly s is  of th e  p ro d u c t  o b ta in ed  from t h i s  p ro ced u re  by gas 
phase chrom atography showed i t  to  c o n s i s t  i n  55% 2—m ethyl—1—  
t e t r a l o n e ,  15% u n reac ted  1—t e t r a l o n e  and 30$ 2 , 2—dim ethy l—1— 
t e t r a l o n e .  The k e to n ic  m ix tu re  could  n o t  be s e p a ra te d  i n t o  
i t s  components by d i s t i l l a t i o n  due to  th e  s i m i l a r i t y  of th e  
b o i l i n g  p o in t s  of th e  compounds. No s e r io u s  s tu d y  was made 
to  d i s c o v e r  methods of s e p a r a t in g  the  k e to n es  o r im proving 
th e  y i e l d  o f th e  2-m e th y l—1—t e t r a l o n e  p re p a re d  in  t h i s  manner.
P r e p a r a t io n  o f  6a—Me th y l—5 . 6—d lh y d ro -6a—benzo a 
c a rb a z o le  (LXXVIII).— Equiraolar q u a n t i t i e s  of th e  k e to n ic  
m ix tu re  o b ta in ed  in  th e  p re v io u s  r e a c t i o n  and p h e n y lh y d ra z in e  
were h e a te d  in  g l a o i a l  a c e t i c  a c id  a t  r e f l u x  te m p e ra tu re  t o  
c o n v e r t  th e s e  k e to n es  to  the  c o r re sp o n d in g  in d o le  d e r i v a t i v e s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
99
The in d o le  compounds were i s o l a t e d  i n  th e  manner p r e v io u s ly  
d e s c r ib e d  f o r  such r e a c t i o n s .  A s o l u t i o n  of th e  in d o le  p ro ­
d u c ts  i n  500 ml. of e t h e r  was e x t r a c te d  th r e e  tim es w i th  100 
m l. p o r t io n s  of 10$ h y d ro c h lo r ic  a c id .  The ac id  e x t r a c t s  were 
oombined and c a r e f u l l y  n e u t r a l i z e d  w i th  po tass ium  c a rb o n a te .  
The o i l y  p ro d u c t which s e p a ra te d  was tak en  up in  e t h e r  and 
d r ie d  over anhydrous p o tass iu m  c a rb o n a te .  Removal of th e  
s o lv e n t  by d i s t i l l a t i o n  gave a y e llo w  o i l  which was co n v erted  
t o  th e  p i c r a t e  d e r i v a t i v e  in  95$ e th a n o l .  The p i c r a t e  d e r iv a ­
t i v e  was r e c r y s t a l l i z e d  from 95$ e th a n o l  and r e c o n v e rs io n  to  
th e  f r e e  base was accom plished by p a s s in g  a ch lo ro fo rm  so lu ­
t i o n  of the  p i c r a t e  th ro u g h  a column of b a s ic  a lum ina . The 
6a<~methyl—5 , 6—d ih y d ro —6a—benzo c a r b a z o le  o b ta in ed  in  t h i s
manner m elted  a t  99 .5—101.5° and gave c o r r e c t  a n a l y t i c a l  
v a lu e s  f o r  C,H, and N w ith o u t  f u r t h e r  p u r i f i c a t i o n .
Anal. Calcd f o r  C ^ H ^ N :  C, 87 .5 6 ; H, 6.1*3; N, 6 .0 1 .
Pound: C, 87 .70 ; H, 6 .6 8 ;  N, 5 .7 6 .
^ m a x H 23 0 ,235,21*1,308 mu; log  i*..3l*., l*.3l*.,
1* .26, 1*..3 0 ) .
The y ie ld  of LXXVIII v a r ie d  s l i g h t l y  w i th  th e  amount 
o f  ke tone  converted  to  th e  in d o le  a t  one tim e. Prom 1 5 .8  
( , 1 m )  o f  th e  k e to n ic  m ix tu re  9.1*- g . (1*0.1*.$) o f  LXXVIII was 
o b ta in e d  o f  very  h ig h  p u r i t y .
The m eth iod ide  o f  LXXVIII was p rep a red  in  v e ry  poor 
y i e l d  from anhydrous e t h e r  by a l lo w in g  an e t h e r  s o l u t i o n  of 
LXXVIII and ex cess  m e th y lio d id e  to  s ta n d  a t  room te m p era tu re  
f o r  3 days , th e n  r e f l u x i n g  the s o l u t i o n  f o r  .5  h r .  and then
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a l lo w in g  the  s o l u t i a n t o  s ta n d  a t  room te m p era tu re  f o r  an 
a d d i t i o n a l  3 days . LXXVIIM p r e c i p i t a t e d  a s  y e l lo w  n e e d le s ,
ra.p . 201^-206° ( ^  Me0H 320,21^8,223; lo g  P  U-.29, 4 -1 7 ,max majs.
1|.-30) - This was r e c r y s t a l l i z e d  from MeOH-petroleum e th e r  to
0
g iv e  l i g h t  ye llow  c r y s t a l s ,  m .p . 21i|.—216 .
a t te m p ts  to  p re p a re  a c r y s t a l l i n e  d e r i v a t i v e  of 
LXXVIII w i th  a—10—cam phorsulfphonic a c id  o r  m andelic  ac id  
f a i l e d .
.Attempted Rearrangement of 6a—M ethyl—5 .6 —d ihydro—6a—
benzo \ al ca rb a z o le  (LXXVIII). -  A s o l u t i o n  of .2  g . LXXVIII
oin  10 g .  of po ly p h o sp h o ric  ac id  was h e a te d  a t  150 in  a h o t  
a i r  b a t h  f o r  3 h r .  The p ro d u c t  of th e  r e a c t i o n  .17 g. was 
i s o l a t e d  in  th e  manner d e s c r ib e d  p r e v io u s ly .  This m a te r i a l  
was p u r i f i e d  by e l u t i o n  from a column of b a s ic  alum ina w ith  
c h lo ro fo rm . The in f r a r e d  and u l t r a v i o l e t  a b s o rp t io n  s p e c t r a  
o f  th e  p ro d u c t of t h i s  r e a c t i o n  were i d e n t i c a l  to  th o se  of 
LXXVIII. The p ro d u c t  could  be c r y s t a l l i z e d  to  g iv e  a s l i g h t l y  
c o lo re d  s o l id  which m elted  a t  th e  same te m p e ra tu re  r e p o r te d  
f o r  LXXVIII.
P r e p a r a t io n  of 11b—Me t h v l - 5 .6—d ih y d ro —11b—b en zo f  
c^ rbazo laJJU B D U ar To a m ix tu re  of 1 0 .0  g . of 1 -m ethyl—2— 
t e t r a l o n e  and 6 .5  g . of phen y lh y d raz in e  was added a few ml. 
of g l a c i a l  a c e t i c  a c i d .  The r e a c t i o n  was somewhat c o n t r o l l e d  
by c o o l in g  in  oo ld  w a te r .  A f te r  t h i s  i n i t i a l  exotherm ic 
r e a c t i o n  had subs ided  100 m l. of a c o n c e n t r a te d  s o l u t i o n  o f  
p o ta s s iu m  ca rb o n a te  was added to  the  r e s id u e  and th e  o i l y  
p ro d u c t  which s e p a ra te d  was ta k e n  up i n  e t h e r .  The e t h e r
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e x t r a c t  was d r ie d  over  anhydrous p o ta ss iu m  c a rb o n a te .  TJpon 
f i l t r a t i o n  o f  th e  e t h e r  e x t r a c t  and removal of the  s o lv e n t  
6 .3  g .  o f  a r e d d is h  o i l  was o b ta in ed  which was p a r t i a l l y  p u r  de­
f i e d  by p ass in g  a ch lo ro fo rm  s o l u t i o n  o f  the  o i l  th ro u g h  a 
column o f  b a s ic  a lum ina . The p i c r a t e  of the  o i l  was p rep a red  
i n  95$ e th a n o l .  The p i c r a t e  d e r i v a t i v e  was r e c r y s t a l l i z e d  
from e th a n o l  and re c o n v e r te d  to  th e  f r e e  base  by p a s s in g  a 
ch lo ro fo rm  s o lu t io n  of t h i s  d e r iv a t iv e  th ro u g h  a column of 
b a s ic  a lum ina . The m a t e r i a l  o b ta in e d  from t h i s  p rocedure  was
i d e n t i f i e d  as l lb « m o th y l—5 ,6 -d ih y d ro —l lb - b e n z o ^ c ^ }  c a rb a z o le
, t\ MeOHby i t s  in f r a r e d  and u l t r a v i o l e t  a b s o r p t io n  s p e c t r a  ( ^
258: l0S krnax ^ 17>-
The m eth iod ide  of LXXX was p re p a re d  by a l lo w in g  an 
e t h e r  s o lu t i c n o f  LXXX and excess  m e th io d id e  to  s ta n d  a t  room
te m p e ra tu re  f o r  7 d ay s .  LXXXM s e p a ra te d  as brown c r y s t a l s ,
o MeOH r '
m.p. 209-212 ( J  278,223; lo g  & lj.,19, k - 3 0 ) .  ThisM max raa;x
m a t e r i a l  was r e c r y s t a l l i z e d  from MeOH and pe tro leum  e t h e r  
(20°—ij.0°) to  g ive  l i g h t  brown le a v e s ,  m .p . 217—218°.
R eac tio n  of 11b—Methyl—5 .6 —d ih v d ro —l l b —benzoL  c l  
o a rb a z o le  (LXXX) w i th  P o lyphosphoric  A c id .— A s o l u t i o n  o f  
.25 g .  o f  LXXX i n  15 g .  of po ly p h o sp h o ric  aoid  was h e a te d  a t  
150° f o r  3 h r .  i n  a h o t  a i r  b a th .  The p ro d u c t  of t h i s  re a c ­
t i o n  was i s o l a t e d  i n  th e  manner d e s c r ib e d  p re v io u s ly  and .19  
g . o f  a b la o k  o i l  was o b ta in e d .  This  was p u r i f i e d  by p a s s in g  
a ch lo ro fo rm  s o lu t io n  o f  th e  m a t e r i a l  th ro u g h  a column of 
b a s i c  a lum ina. The m a te r i a l  w hich was o b ta in ed  was i d e n t i f i e d
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as 6 a -p e th y l-^ ,6 -d ih y d ro -6 a « b 9 n 2 0  o a rb az o le  (LXXVIII) by
com parison of the  I n f r a r e d  and u l t r a v i o l e t  a b s o rp t io n  s p e c t r a
\  MeOH C
of t h i s  compound ( ^  max 305,21*1,230; lo g  Q  mQX i*.23, 1*.15,
1*.25) w ith  th o se  of a u th e n t ic  LXXVIII.
The a t te m p ts  which were made to  r e s o lv e  LXXX In to
i t s  o p t i c a l  isom ers have been d e s c r ib e d  in  d e t a i l  p r e v io u s ly .
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SUMMARY
The p r e p a r a t io n  of a number of 3H->indolea by th e  
F i s c h e r  s y n th e s is  was a t tem p ted . The r e p o r te d  m e l t in g  p o in t  
o f  one of th e  in te rm e d ia te  pheny lhydrazones has been found 
t o  be in  s e r io u s  e r r o r  w ith  f a c t .  The l i t e r a t u r e  v a lu e  f o r  
th e  m e lt in g  p o in t  o f  iscbu ty rophenone  phenylhydrazone has 
b een  c o r r e c t e d .  This m a te r i a l  m e l ts  a t  2 9 .5 —30.0°  and shows 
p h y s i c a l  and s p e c t r a l  p r o p e r t i e s  t h a t  may r e s u l t  from ay n -  
a n t i  isom erism of th e  pheny lhyd razone . The l i t e r a t u r e  v a lu e  
o f  73° f o r  t h i s  phenylhydrazone has been  shown to  be a p e r ­
p e t u a t i n g  e r r o r  and r e f e r s  to  th e  oxime o f  iso b u ty ro p h en o n e . 
The m e l t in g  p o in t s  of many phenylhydra  zones of s tel* ic  a l l y  
h in d e re d  k e to n es  r e p o r te d  i n  the  l i t e r a t u r e  have been  in d i ­
c a te d  to  be of d o u b t fu l  v a l i d i t y .
The a c id  o a ta ly s e d  rea rran g em en t o r  in te r c o n v e r s io n  
o f  t r i s u b s t i t u t e d  3R-3nclole3 was s tu d i e d .  I t  was shown t h a t  
h e a t in g  e i t h e r  2 , 3—dim ethy l—3-*phanyl—3& -indola o r  3>3—d i ­
me th y l—2—phenyl—3H—in d o le  in  p o ly p h o sp h o r ic  ac id  a t  1506 
produced  an  e q u i l ib r iu m  m ix tu re  of b o th  3 3 - in d o le s .  This 
e q u i l ib r iu m  m ix tu re  fav o red  what would ap p ear  to  be th e  
therm odynam ically  l e s s  s t a b l e  3 -p h en y l—3B -in d o le  in  a 2 t o  1 
r a t i o .  The c a t a l y s t s  and c o n d i t io n s  n e c e s s a ry  t o  perfo rm  
t h i s  rea rran g em en t were d e te rm in ed . A lthough th e  r e a o t io n  i s  
somewhat s e n s i t i v e  to  th e  n a tu re  of th e  a c id  c a t a l y s t ,  i t  
would ap p ear  t h a t  any s t r o n g  ac id  w i l l  cause  th e  re a r r a n g e —
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merit to  occur a t  s u f f i c i e n t l y  h ig h  te m p e ra tu r e s .  B o r o n - t r i~  
f l u o r i d e ,  zino c h l o r id e ,  aluminum c h l o r i d e ,  f e r r i c  c h l o r id e ,  
hydrobrom ic a c id ,  a s  w a l l  as  p o ly p h o sp h o r ic  ac id  were shown 
t o  be e f f e c t i v e  c a t a l y s t s  f o r  t h i s  t r a n s f o r m a t io n .
This in te r c o n v e r s io n  was shown t o  occur by way of a
double  1 ,2  s h i f t  of th e  Wagner-Meerwein type by s y n th e s iz in g
2,3--diraethyl«3”’Phenyl«»2C14—30»»indole and ca u s in g  th e  r e a r r a n g e — 
*
ment to  the  isom eric  3 ,3 —dim ethy l—2-p h en y l-2 C a ^—3B »indo le . The 
ca rbon —14  was shown to  be a t  the 2—p o s i t i o n  of the  re a r ra n g e d  
p ro d u c t  by degrad ing  th e  compound and i s o l a t i n g  the  2 -ca rb o n  
atom and the  phenyl s u b s t i t u e n t  i n  th e  form of benzo ic  a c id .
J i l l  o f  th e  C3,4 p r e s e n t  in  th e  3Br-indoles was found to  be 
p r e s e n t  a t  th e  2 - p o s i t i o n  of the  m o le c u le .  J|n a l t e r n a t i v e  
meohanism f o r  t h i s  rea rran g em en t in v o lv in g  a r in g ~ c h s in  t a u —  
tomerism was th e re b y  e l im in a te d .
3~Methy 1—3«~pheny 1—2— tr id e u t e r i o m e t h y l —3H -indo le  was 
p re p a re d  by a l lo w in g  an  a c i d i f i e d  s o l u t i o n  o f  2 ,3 —dim ethy1— 
3 jH in d o le  in  deu terium  oxide to  s tan d  a t  room te m p e ra tu re  
o v e r n ig h t .  The ease  w i th  which d eu te r iu m  was in c o rp o ra te d  
i n t o  the  m olecule i n d i c a t e s  th e  p re se n c e  of a tau to m er of 
t h i s  3 3 - in d o la  i n  a c id  s o lu t io n .  T re a t in g  3-raethy l—3**phenyl— 
2—trldeu teriom ethy l^»3B —in d o le  under c o n d i t io n s  known to  cause 
th e  in te r c o n v e r s io n  of 3JJ—in d o le s  produced  a 3—phenyl—3&- 
in d o le  i n  which the  t r i d e u t e r io m e th y l  group was d i s t r i b u t e d  
e q u a l ly  between th e  2 -  and 3 - p o s i t i o n s  o f  th e  m o le c u le .  This 
would s t r o n g ly  i n d i c a t e  t h a t  th e  rea rran g em en t o f  t r i s u b s t i — 
tu te d  3]fr*indoles i s  an  e q u i l ib r iu m  p ro c e s s  i n  w hich th e  groups
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m igrate r e v e r s ib ly . That the rearrangement of 3H—indoienium  
Iod id es does not in v o lv e  such a r e v e r s ib le  p rocess was shown 
by the f a i lu r e  o f thy l —3-'Ph9ny 1—2—trid auteriom ethy
in d o le  m ethiodide to  e x h ib it  such a rearrangem ent.
A v a r i e t y  o f  t r i s u b s t i t u t e d —3 B -in d o le s  were sy n th e­
s iz e d  and th e  in te ro o n v e r s io n  o f  th e s e  to  th e  iso m eric  3&~ 
in d o le s  was s tu d i e d .  S p iro —cyclopentan®*®l; 3 fats'2s—phenyl—3H*~ 
in d o le )  and l lb - m e th y l - 5 ,6 —dihydro—l i b —benzo ^  c a rb a s o le
were shown to  r e a r r a n g e  t o  th e  c o r re sp o n d in g  iso m eric  3B”iJ>n” 
d o le s  l l —p h e n y l te t r a h y d ro c a rb a z o la n in e  and 6a—methy1=5*6— 
d ih y d ro -6 a -b e n zo  \_jT^ o a rb az o le  under a c id i c  c o n d i t i o n s .  The 
rea rran g em en t of s p i r o —(p iperid ine«4 j.,3 *<^ ® a»,phenyl—3H -indo le)  
and sp iro-(oyclohexane—1 ,3  *—2®—phenyl—3&”in d o le )  to  th e  i s o ­
m eric  compounds d id  n o t  tak e  p la c e  u n d e r  a c id ic  c o n d i t io n s ,  
p resum ab ly , because  of th e  s t e r i c  r e p u l s i o n  invo lved  in  the 
fo rm a t io n  of a seven-membered r i n g .
A ttem pts t o  r e s o lv e  l lb - m e th y l—5 ,6 > -d ih y d ro - llb —benzo­
l e  ^ c a r b a z o l e  were made i n  o rd e r  to  s tu d y  the  s te ro c h e m ic a l  
i n t e g r i t y  of th e  rea rran g em en t of t r i s u b s t i t u t e d  3 S ~ in d o le s ,  
b u t  th e s e  a t te m p ts  were u n s u c c e s s fu l .
The rearrangement of indolenlum  io d id e s , the P lancher  
Rearrangement, was s tu d ie d . The p o s s ib i l i t y  o f t h i s  r e a c t io n  
proceed ing by way o f Ju lian *s proposed mechanism, th a t i s ,  by 
way o f  a 3& -indole acid  s a l t  in term ed ia te , was dem onstrated.
I t  was not determined whether the rearrangement occurs by way 
o f th e  acid  s a l t  o f the 3 3 -in d o le  or by rearrangement o f the  
indolenlum  iod id e i t s e l f ;  however, a l l  o th er p o s s ib le  pathways 
haVe been e lim in a ted .
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